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CABLES 


Lassolastic Tape provides thin filmic self- 
adhesive markers with designations coloured 
and spaced at regular intervals according to 
requirements. They offer no undesirable 
thickening or interference with flexibility at 
point of contact. They can be affixed 
without disconnection of ends. 

Lassolastic is resistant to heat, water, oil and 
solvent, no tools required for application. 
Inscriptions cannot be erased and remain 
always legible. 


HERTS PHARMACEUTICALS LTD., WELWYN GARDEN CITY, HERTS 
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Send us your enquiries. A 
Technical Representative 
will be pleased to call and 
discuss mouldings with you. 
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The mouldings 
illustrated are by 
courtesy of 
George Kent Ltd., 
Luton. 
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CHESTER ROAD TYBURN BIRMINGHAM 
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Experienced Moulders of Methacrylate Resins 
Choose (HPM) INJECTION MACHINES 


One of the H.P.M. self-contained automatic injection moulding machines installed by 
specialists in the moulding of methyl methacrylate parts 
Careful and accurate control of all phases of the injection moulding cycle is essential 
when moulding transparent parts to optical specifications 


Iilustration below on right shows a dual purpose 
Fresnel Lens for marine buoy use. Weight 8 ozs. 
Material: Crystal Lucite. Max. dia. 63”. Height 





4%”. Section thickness $” to 3”. Machine used: 
H.P.M. 200 H.9. (9 ozs.). 


H.P.M. injection machines are designed to handle 
cfficiently difficult moulding jobs such as the 
Fresnel Lenses illustrated. 


For complete specification write to-day to the 
Sole Agents and Engineering Representatives:— 





LONDON BRISTOL BIRMINGHAM MANCHESTER LEEDS GLASGOW NEWCASTLE 
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EDWIN DANKS & heed (OLDBURY) LTD. 


OLDBURY, Near BIRMINGHAM 





C | 


Ph Br DHice- 32 FARRINGDON STREET, EC 4 


ALISTS 


/ e . ° 
Wt Precision-production 


Quantity production of Aircraft parts and compo- 
nents machined from metals, alloys, etc., and more 
recently in Plastics, from rod, tube, sheet, etc. 


Manufacture of high-precision Jigs and Fixtures 
(excluding moulds) for mass-production operations 
and assemblies. 


Also, construction of Units in transparent Plastics 
for scientific research or industrial purposes. 


SERVICE. An excellent precision laboratory 
guarantees Quality to finest limits and gives facilities 
to assist new industrial development. 
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TYPE V.R.B. Capacity 88 
cu. ft. Range includes ma- 
chines from 1°28 cu. ft. (8 
gals.) to 36 cu. ft. (225 gals.). 











MIXERS 


of remarkable achievement 


A new design in Duplex Mixers for still greater 
efficiency in the mixing and blending of Plastics, 
Bakelite, Ebonite, Batter Compounds, Rub- 
ber Sheeting Doughs, Latex Compounds, 
etc. Whatever the mixing operation 
required, whether for doughs, heavy 
creams, or alternately for pulping or 
shredding, Morton ‘“ Duplex’’ Mixers 

are designed in a variety of models 

and sizes to give greater or lesser 
intensive action according to indi- 

vidual needs. Supplied for working 

under vacuum or steam jacketed. 


MORTON MACHINE COMPANY LIMITED 


| BRIXTON ROAD: KENNINGTON LONDON S W939 


TELEPHONE RELIANCE 3609 
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Steel clips, bronze clips, 
stainless clips, big clips, 
little clips, wide clips, 
narrow clips, in fact 
clips in every conceiv- 

able shape and size. : 

Illustrated here—among others \ 
—are two of our stock patterns. 

/ 80 and 81, made in a range of sizes 












to grip from }” to rf’ Bee 
Maybe a clip of speciai shape would be 
necessary for the job you have in mind. 
Well, we can help you because we make 
clips for hundreds of uses, including war 
purposes. We can make to print or speci- 
fication, or our Research Department 
will design for you. Our knowledge of 
clips has advanced side by side with our 
88 years’ spring-making experience, and 
we should like to send you our war- 
time catalogue. 





























é ip ASS. SIRE 
Jo. 80 and 
81 clips. 


¢) | 24/- (Sub.) 


cups 9 TR 
[a3 =e 


Birmingham — Manchester 





and just a fen 
special shapes 
we have made 
to order. 
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ACHIEVEMENT 
The opening of the world’s first passenger 


railway was a triumph of British enterprise and 


engineering skill. 


REAL 


Mie j 
ony 





It was one of the many achievements which 
greatly assisted the speeding up of industry in 
those far off days. 


At that time K.E. Steels were in their infancy, 
VA fi but in the succeeding years, they have progressed 
step by step with all the activities of British 


industrial achievements. 


KE; STEELS 


K.E. 961 and other K.E. Special Steels for 
Mould Die Work—in Forgings or Bars, black 


rolled or precision ground finish. 








(KAYSER { ELLISON | & CO. LTD.) 


CARLISLE STEEL WORKS, SHEFFIELD. EST. IN 1825 








London Stockists (except for Stainless Steels) : 


FARMER, STEDALL & CO., 145-157 St. John Street, Clerkenwell, E.C. 1. 


London Stockists for Stainless Steels: 


MACREADY’S METAL CO. LTD., 131-135 Pentonville Road, London, N. 1. 
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That Extra Hour... 





BLACK-OUT CHART FOR APRIL 


830 90 930 100 


2 
3 
4 
5 
6 
7 
8 
9 
10 
" 
12 
3 
14 
15 
16 
7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


< 


80 630 90 930 100 


& Times shown are those 
for the London area. 


Again Double Summer tume comes in 
April this year, which will be encour- 
aging to the workers and beneficial to 
output. 

In the factory, however, working twenty- 


four hours a day, there are still over 


sr 
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60. 630 70 





Reproduced. from the Noutical Almanac by per- 
mission of the Controller of H.M. Stationery 


273 hours of black-out in April. 
Since no-one can see to work in the 
dark, good lighting is of the greatest 
importance, and it pays to see that 
it. is supported always by dependable 
OSRAM Lamps. 





A 


LEC 


PRODUCT 











THE WONDERFUL LAMP 


Adot. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.8 
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SAMUEL JONES«OuD ss: 


l6-I7 NEW BRIDGE STREET, LONDON. E.C.4 6500 








USE THE MASSON 
ROTARY CUTTER 


The MASSON ROTARY CUTTER 
reduces all kinds of Plastic materials 
and synthetic rubber to granular form, 
with complete freedom from dust. 
Any degree of granulation obtainable. 


HIGH OUTPUT LOW HP. 


FOR GRINDING PLASTICS 


BLACKFRIARS ENGINEERING COMPANY LTD 


BLACKFRIARS HOUSE, NEW BRIDGE STREET, LONDON, E.C.4. TEL.: 6383 
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In industry, the application of Ferobestos, the hard-wearing 
laminated plastic, is endless in its variety. Consider its unique 
qualities, and the wide and new purposes which it can serve are then 

apparent. Ferobestos does not swell in water. Used for bushes or gear 
wheels it can be lubricated either by oil or water (special grades are 
supplied for dry running). It also can be used at high temperatures 
and is chemically resistant to all but the strongest acids and alkalis. Our 
technical department will gladly collaborate in new developments. May 
we supply further particulars ? 


FEROBESTOS 


(REGIS TERED) 
Plastic p { Peoduicls 


MADE BY FERODO LIMITED. CHAPEBL-EN-+LB-FRITS 
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Moments Matter . 


Back to H.Q. go those 
vital scraps of inform- 
ation from these port- 
able field transmitters 

. surely moments of 
greatest consequence ! 
Mouldings are, of 
course, playing a big 
part. The importance of 
their role is one of the 
incentives which make 
us put our very best into 
the design and pro- 
Auction of our;producte 


For 


we KENT MOULDINGS jez. 


_— FOOTSCRAY, KENT Sidcup. 


For the grinding of 
all kinds of Powders, 
Chemicals, Minerals, 
olours, Paints, Enamels, 
etc. Supplied lined with 
hard Porcelain, Silex, or special 
linings, and can be insulated to suit 
particular classes of work. 
Send for our free illustrated literature. 


STEELE & COWLISHAW, LTD., 
Engineers 

(Dept. No. 27), COOPER STREET, 

HANLEY, eree-oa-te ENT. 

London Office: , High Holborn, W.C. i 


2) U R a+ U B E & Ww | R E LT D. TN th ” Holborn 6023. 
FACCS ROAD FELTHAM MIDDLESEX. (aks! IAM AANA ASEM (ang 
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FOR PLASTIC MOULDS 


THOS. FIRTH & JOHN BROWN LTD SHEFFIELD 
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In the manufacture of plastics, such as 
gramophone records and moulded com- 
ponents, Visco Dust Collectors are proving 
invaluable. 

At left is shown a “Visco-Beth” Auto- 
matic Equipment dealing with powdered 
gum. The dust collected from the grinding 
mills is automatically discharged into bags, 
the cleaned air being vented, via the dis- 


STAFFORD ROAD. CROYDON. 


VISCO 





ENGINEERING CO [TD 





Telephones: CROydon 4181-4 & 2471 


Telegrams: ‘Curtmit, Croydon.” 


charge bend on the left, to atmosphere. 
For the collection of the fine dust pro- 
duced in grinding and polishing, Visco 
Unit Dust Collectors of the ‘Static Bag” 
type will be found highly satisfactory. 


Also Makers of Air Filters & Water Cooling Plants. 








They have to he good 


Dies and moulds for plastics 
have to be good ; they represent 
a high level of precision en- 
gineering. At the back of them 
must be a tradition of crafts- 
manship, a wealth of costly 4 
machine tools and, above all, 
experience in this new industry. / 





Cornercroft have them all; you 
can give us your plastics prob- 
lems from the beginning and 
leave all the problems of dies \ 

and moulds to us ; we have the ‘ 


organisation to find the answer. ‘ 


orner™ oft q 


(PLASTICS ) LT? 


subsidiary of Cornercroft Ltd. 
ACE WORKS ° 


COVEN TRY 






CPL.3 
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THE EYES HAVE IT. The eyes have fair 





play when the lighting is planned by the Crompton 
Lighting Service, using the correct Crompton Lamps. 
This combination of experience, knowledge and 


resources assures the highest visual efficiency . . . 





cROM bTON LA Ps 


FOR CORRECT LIGHTING “ 
TUNGSTEN... FLUORESCENT... DISCHARGE. . .. 





Telephone: Temple Bar 5911 Telegrams : Crompark, Estrand, London 
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MOULDER 
SERVICE 


< EST. 1899 ic) 


-CRYSTALATE 
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TOOLS 
SERVICE 


TONBRIDGE, KENT 
HADLOW 233/4/5 














COMPOUNDLY CURVED 
RESIN BONDED 
PLYWOOD FORMATIONS 


THE NEW STRUCTURAL AND DECORATIVE MEDIUM 

AT THE DISPOSAL OF ALL ENGAGED ON WAR 

PRODUCTION TODAY—OR PLANNING FOR HAPPIER 
DEVELOPMENTS TOMORROW 


MERRON LIMITED 
BOW:-LONDON:E:-3 











and simple in 
application faromal-+ anela 

moisture required 
Ny ORG Nd als er ale 
easy to handle. The uses 
of SELLOTAPE in plastics 
are unlimited. For seal- 
ing, binding, protecting, 
identification, etc. 
SELLOTAPE is air-tight 
damp-proof and dust- 
proof. Whatever the job 
get it taped with 

ieial SELLOTAPE. 

Distributors : GORDON & GOTCH LTD 


Dept. PL! 75-9 FARRINGDON ST..LONDON,E.C 4 
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when to use 


METTASCREEN 


For the radiographic inspection of heavier types of metals usé Ensign 
Mettascreen Industrial X-Ray Film with intensifying screens. Mettascreen is 
particularly well suited for this purpose because its-high speed permits the 
exposure time to be reduced to a minimum and, since it maintains its well- 
balanced contrast throughout the whole exposure range, flaw detection is 
greatly facilitated. 

Mettascreen used without screens is recommended for the radiography 
of all subjects having a wide range of thickness. 







METTASCREEN 
IS AN 


_— 


Industrial 
X-Ray Film 


The services of the Ensign technical department are available to dea? 
with enquiries regarding Ensign Industrial X-Ray Films. Firms are invited 
to communicate with AUSTIN EDWARDS LTD., ENSIGN FILM WORKS, 
WARWICK, (Manufacturers of X-Ray film for nearly 30 years.) 





















‘A single staff 
May be broken fair, 
But a bundle of staves 


Tus Ancient who discovered 
this simple truth might be surprised to 
see to what extent it is being followed in 
modern industrial construction. Take ply- 
wood, for example. When plywood was 
first introduced it was largely used for 
packing cases—tea chests in particular— 
because it was both tough and light in 
weight. But as better plywoods came to 
be made, more important uses were found 
for them, and to-day, plywood ranks high 
in the list of modern materials which 
architects, engineers, and designers have 
at their command. 
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Bakelite Synthetic Resin Adhesives are 
used to bond the wood laminations in the 
highest ‘grades of plywood. Not only is a 
still tougher material obtained, but it has 
the important advantage of being highly 
resistant to damp, weather action and 
fungoid growths . . . Another instance of 
Bakelite Plastics in the service of modern 
industry. Though Bakelite Plastics are at 
present only available for priority use, our 
wartime experience has taught us much 
which manufacturers in many industries 
can turn to good account when we are able 
once more to tackle peacetime problems. 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.I 


TREFOIL 


BAKELITE PLASTICS 


REGD, TRADE MARKS 


Pioneers in the Plastics World 








the 
isa 
has 
shly 
and 
> of 
ern 
e at 
our 
uch 
ries 
ible 
ms. 


Gis 























Vol. Vill. No. 83 APRIL, 1944 
Dealing with the Manufacture, Uses 
and Potentialities of Plastic Materials 
Proprietors - - TEMPLE PRESS LIMITED 
Managing Director - ROLAND E. DANGERFIELD 
Editor - M. D. CURWEN, B.Sc., A.LC. 
Offices - Bowling Green Lane, London, E.C.1 
CONTENTS 
Page Page 
Editorials .. Re .. 148 Characteristics of Phenolic 
Laminates, by D. War- 
Something New in Wind burton Brown .. .. 177 
Tunnels .. os <i — , 
Production News .. .. 187 


Metallizing Plastics, by 
E. E. Halls ‘is .. 154 


World’s Industry anges 
Plastics .. ‘“ 


Facts and Fancies in Modern 
Plastic Design... .. 170 


Designing for Plastic Mould- 
ing, by W. M. Halliday .. 188 


Resinoids and Other. Plastics 
as Film Formers, by B. J. 
Brajnikoff i i 


British Patent Abstracts .. 198 


NOTICES 


All instructions, matter and passed proofs for all 
kinds of advertisements must reach the Head 
Office of ‘ beter yl , the 24th of each month 
to ensure rti he f g month's issue. 
TERMS—Monthly pion strictly net; due 
when rendered. 
“PLASTICS” is published in London, England, 
at the beginning of each month. 
Head Offices: 
Bowling Green Lane, London, E.C.1. 
ibe Telegrams- - Bf seorsnesigy poe London.” 





us, London. 
Telephone - - Terminus 3636 1) Private Exchange). 


Midland Offices (temporary) :241, Warwick Road, 
Kenilworth, Coventry. 
Telephone \. Kenilworth 415 


Telegrams 
MM. a" : D 


House, 274, Deansgate. 


Telephone—Blackfriars 5038-9. 
Telegrams—** Presswork, Manchester.” 


SUBSCRIPT ION -_“ PLASTICS ” will be 
mailed regul to any in the United 
Kingdom or abroad ny gpidrees i issues for 19s., 


post free; pro rata for fewer numbers. 











SAVE PAPER 


: More thanever is paper waste required for our war ; 
: industries. Waste paper makes munitions ina : 
i hundred forms—from shell cases to aeroplane parts. : 
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Plastics on the Railway 


BOUT seven years ago the plastics 

industry heard with considerable 
satisfaction that the railway companies 
were interested in plastics and that their 
interest had taken a very practical form. 
The Coronation Scot had been lavishly 
fitted with partition and wall panels and 
table tops of laminated plastics, and with 
a miracle of a cocktail bar built mainly 
of the same material decorated by a well- 
known artist. Furthermore, the British 
public were delighted to pay an addi- 
tional shilling for the privilege of sitting 
in the Perspex observation car provided 
at the end of the same train. As we 
all know, the Coronation Scot was subse- 
quently sent to the United States as a 
messenger of good-will (the cocktail bar, 
no doubt, came in quite handy for this) 
and to convince the then doubtful Ameri- 
cans that industtially this country was 
not as degenerate as Hitler was trying 
to make them believe. 

The most recent news regarding the 
impact of plastics on railway engineering, 
distinct from decoration, comes from the 
Southern Railway, whose chief mechani- 
cal engineer, Mr. O. V. Bullied, has given 
details of a reinforced laminated plastic 
which is being used for the external panel 
structure of ten vans under construction, 
one of which has already been in service. 
The new material was employed to fit 
in with the main desired characteristic of 
reduction in weight coupled with new 
design to ensure that the load is not sub- 
jected to sudden shock, and the usefulness 
of permanent colour and high atmo- 
spheric and acid resistance. The plastic 
laminated sheet is of a very special type, 
the base or reinforcement consisting of 
woven high-tensile steel wire and cotton 
incorporated with plastics to give a stiff 
high strength structure. The sheets are 
6 ft. 6 ins. by 3 ft. 3 ins., but presumably 
as with ordinary plastic sheets, the area 
could be increased. 


This is the first instance of the use of 
an exterior plastic structure on a practical 
scale, and it should present us, during the 
course of its life, with valuable data as 
to the suitability of plastics for a number 
of industries other than _ railway 
engineering. 

The plastics industry may take great 
heart from these happenings and from the 
publicity given to them and to plastics 
generally in some of the technical journals 
devoted to railway affairs. This attitude 
is quite new, but is nevertheless welcome 
as an earnest of a desire to examine the 
materials we have to offer. Indeed, with 
the rapid improvement of plastics, 
especially in their strength characteristics 
and in their increasing range, we have 
more to show than we did five years ago. 
An example of the above publicity is 
given in a recent issue of the well-known 
‘“ Railway Gazette,’’ which presents a 
full-dress consideration of plastics in 
railway engineering and makes a wide 
variety of suggestions from plastic panel- 
ling and ventilator grilles to communica- 


tion cord tubes and pulleys for cables. 


Plastic Trailer 


’ YZ fairly frequent intervals, more 
especially during the last year or so, 
we have been approached by individuals 
to give them our opinion as to the most 
profitable avenue in plastic sales or fabri- 
cation to pursue in the immediate post- 
war years. 

Obviously the question of what other 
people should do with their industrial 
lives reduces itself to an absurdity, and 
in this case pre-supposes a complete 
ignorance of plastics." While this is no 
heinous crime in itself, we have generally 
avoided complication by suggesting a 
filling of this lacuna in their knowledge 
before embarking on a plastic sales or 
fabricating career. Nevertheless, the good 
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type of liaison with industries which have 
not yet felt the impact of plastics is a 
very desirable thing. 

The matter of new types of laminated 
structures now being employed and pre- 
viously described, and of the modern 
high-impact-strength _ mouldings now 
available, brings to mind one type of 
fabrication we advocated in the pleasant 
days of peace and which in the post-war 
period may prove fruitful, if we still have 
money to spend. 

It was the result of a visit to one of the 
Motor Shows at Olympia, where in one 
section, reclining in august splendour, 
were a number of motor trailers, for those 
owners who have suffered from the inade- 
quacy of our English hotels or who prefer 
the carefreedom of a picnic life. They 
ranged in price from a moderate £150 
type to a luxury £400 liner, and although 
we thought of the little country cottage 
which could then be bought for far less 
than £400, yet we were convinced of the 
growing market for this type of 
lebensraum. 

Above all, these trailers must be light 
in weight. They must be weather- and 
waterproof, cool in summer, warm in 
spring and autumn, easily cleaned, and 
they must look hygienic and clean inside 
and out. They should be strong, but 
great strength is not of first importance, 
since drivers with trailers are careful 
and, after all, the trailer is in the rear. 
Coloured laminated reinforced sheets and 
resin-impregnated plywood for main 
structures, doors and oil-proof table tops, 
expanded plastics for insulation, extruded 
and moulded units for bits of furniture, 
bunks and many domestic articles—we 
can almost have the all-plastic trailer. 


Dramatic Criticism 


WE hope that all our readers listened 
in on Tuesday, April 4, at 6.30 p.m., 
to ‘‘It Began With Celluloid,’’ a talk 
on the use of plastics in war and peace. 

It was not a good show. Yet there 
was a dim light in the background, a 
promise that one day—when the pro- 
ducers who get up these shows learn a 
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few of the technical and scientific facts 
concerning these specialized subjects and 
forget the so-called importance of radio 
stunts and noises off—we shall hear a pro- 
gramme on plastics that the public can 
understand. 

It has been rightly said that as a prin- 
ciple of life one should never forget one’s 
ancestry, but we venture to suggest that 
the reiterated insistence that the celluloid 
ping-pong ball is the roller-bearing on 
which the entire world runs smoothly, is 
somewhat overdone. And again, the stunt 
of introducing an ‘‘ American ’’ voice (a 
horrible mixture of synthetic Bowery and 
Wardour Street that deserved a sharp 
diplomatic note from the American 
Embassy), through the cacophony of 
which one heard bleatings for a coloured 
ash-tray—what excuse could be made for 
that? 

There were other B.B.C. stunts galore; 
pictures of terrific tank battles and tense 
bombing runs over German targets. We 
got the impression that the Battle of, El 
Alamein. was won, and that the Battle of 
Berlin is being won, by plastic-glass sand- 
wiches and by rubber petrol tanks, and 
not by men. 

It is also very sad that although we 
were promised every five minutes that we 
should be told what plastics are, we never 
got that information. It was all either 
too secret or someone was busy with the 
noises off. 

It is clear that Dr. Haward, who took 
part, knew his “‘ stuff ’’ and, as when he 
touched on researches into the strength of 
plastics, could have told a fascinating 
story. He makes an excellent broad- 
caster, and one day we hope that he and 
the B.B.C., which can do such fine things, 
will really tell us what plastics are. 

The public only want to know how the 
small molecules of the world of matter 
are miraculously hitched together to form 
very big ones, and that most of these 
big molecules happen to be solid, some- 
times hard, sometimes not so hard, some- 
times elastic, and that we can use them 
as we do many naturally occurring and 
other solids to fashion into tremendously 
important things. 
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NEW BOOKS LETTERS TO THE EDITOR 
‘* The Chemistry of Large Molecules.’’ Edenaiiying Piastios ; 
Edited by R. E. Burk and O. Grummitt. | Your March editorial on this mosi 
Published by Interscience Publishers, Inc., important subject is timely. Our experi 


New York, N.Y. Pp. 313. Price $3.50. 

One can always feel the pulse of a 
nation’s endeavour by a perusal of its 
literature. How strongly the pulse of science 
(and especially plastics) beats in the U.S.A. 
can readily be felt in this, the most recent, 
issue by Interscience Publishers, Inc. 

The present volume is the first of a series 
entitled ‘‘ Frontiers of Chemistry,’’ pub- 
lished under the auspices of Western Reserve 
University, where distinguished men had 
been invited to present views of their work. 

The result is a superb collection of lec- 
tures ‘from American scientists as famous 
here as they are in their own country. 

H. Mark, of the Polytechnic Institute of 
Brooklyn, and co-editor with Whitby of 
Carother’s papers, deals with ‘‘ The 
Mechanism of Polyreactions’’ and _ with 
‘* Investigation of Polymers with X-rays.’’ 

E. O. Kraemer, of the Biochemical 
Research Foundation of the Franklyn 
Institute, Newark, Delaware, deals with 
“The Colloidal Behaviour of Organic 
Macromolecular Materials.’’ 

A. Tobolsky, R. E. Powell and H. 
Eyring contribute ‘‘ Elastic-viscous Proper- 
ties of Matter.’’ 

R. M. Fuoss, of the General Electric Co., 
Schenectady, contributes ‘‘ The Electrical 
Properties of High Polymers.”’ 

C. S. Marvel, Professor of Organic 
Chemistry at the University of Illinois, 
deals with ‘‘ Chemistry of Vinyl Polymers.’’ 

E. Ott, of the Hercules Powder Co., 
Wilmington, Delaware, deals with ‘‘ The 
Chemistry of Cellulose and Derivatives.’’ 


‘* Modern Synthetic Rubbers ’’ (Second 
Edition), by H. Barron, Ph.D. Chapman 
and Hall, Ltd. Pp. 355. 28s. net. 


It is little more than a year since we so 
favourably reviewed this excellent book, but 
no doubt it is due to the paper situation that 
this second edition has not previously 
appeared. We are sure the demand for it 
has been great. The latest edition is better 
than the first, for sundry errors have been 
eliminated. Dr. Barron’s style remains as it 
should, and if readers require a book that 
is a textbook but yet goes far beyond that 
narrow field (for Dr. Barron is one of our 
research-and-more-research advocates and 
sees clearly which way the wind of science is 
blowing), then this is it. 


ence in recent months shows that very many 
users of plastics are extremely interested— 
for the reasons which you mention—in rapid 
and reliable methods of identification; 
though few of these users have the technical 
staff available to tackle the problems 
involved by orthodox methods. They, 
therefore, rely on expert outside help. 

There is another most important reason 
for this growing demand for quick methods 
of identification, mamely, the need for 
efficient reclamation of valuable thermo- 
plastic scrap. It is true, of course, that the 
larger plastics concerns have machinery and 
the technique for collecting and sorting 
plastic scrap, but considerable time and 
transport can often be saved if the scrap is 
efficiently sorted and re-used on the spot. 
These are two savings which are extremely 
important in present circumstances. We 
have recently developed some very speedy 
and effective physical methods of sorting 
which are being successfully used by our 
clients, and we shall be happy to discuss 
these methods with any of your readers who 
are interested. 

W. G. WEARMOUTH, 
Advisory Director. 
Wearmouth Plastic Research Labs. 


War-blinded Press Operators 


In your March issue you published an 
article on the employment of war-blinded 
press operators, in which the following 
statement appeared:— 

‘‘ The press itself is of the down-stroking 
type, with an efficient form of guard 
designed and made by Halex themselves.”’ 

This, unfortunately, is not strictly correct, 
and I am writing to apologize for this mis- 
take. The guard in question was certainly 
made by Halex and developed by our 
engineers, but the design was based on a 
guard made by Ebonestos, Ltd. I am par- 
ticularly sorry that a proper acknowledge- 
ment of this was not made, as we are very 
grateful indeed to Ebonestos, Ltd., for 
having allowed us to see their guard and 
make use of the ideas it embodied. It is as 
a result of their helpful and willing co-opera- 
tion that we are able to feel confident that 
our press operators are well protected 
against the risk of accidents. 

J. A. CouBroucu, 
Director, Halex, Ltd. 
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Fig. 1.—General view 
of the Perspex wind 
tunnel. 


Something Newin Wind Tunnels 


From time to time we have indicated 
how important to the engineering 
industry, especially from the point of 
view of pure research, is the ability 
“to see how it works”’ by the use of 
transparent plastics. In the past 
much useful information has been 
obtained by the use of cast resins for 
the construction of experimental 
gears, flow-meters, complicated valve 
and multi-directional feed cocks, etc. 
Although their usefulness is never- 
theless wide, such resins are limited 
to size, so that the application of 
transparent plastic sheet made from 
Perspex, described in the following 
notes, is of especial interest. 


[8 this age of super mechanization the 
need for testing facilities is a pre- 
dominating factor for the examination 
and improvement of various mechanical 
devices. Among these facilities are wind 
tunnels for testing and observing the 
behaviour of air currents when obstructed 
by solid bodies. Wind tunnels vary in 
size and construction according to their 
purpose. 

The Airscrew Co. has designed and 
installed a special wind tunnel for testing 
refined versions of their ventilating fans 


by the Technical Department 
of the Airscrew Co., Ltd. 


and aircraft propellers and to carry out 
aerodynamic research for future develop- 
ment. This tunnel is unique in many 
ways; in fact, it is the only one of its 
kind. Including the dynamometer, it is 
over 40 ft. long and will test fans of 30 ins. 
diameter. It is made of transparent plas- 
tic (Perspex) tubes, joined co-axially to 
form a long duct of 10 diameters, the 
work of Messrs. Triplex, Ltd. A general 
view is shown in Fig. 1. 

The large inlet flare (Fig. 2) is made of 
the same material and leads to a honey- 
comb built up of 10 mm. hexagonal 
tubing; this is to produce a uniform air- 
flow. At the other end of the tunnel the 
cast-iron casing (Fig. 3) is bolted to 
the plastic through a short wooden ring 
which acts as a stiffener to the plastic 
flange. 

Fans under test rotate within the 
casing, driven by the dynamometer. To 
facilitate removal of the fan, the top half 
of the casing is detachable. Half-way 
along the tunnel is the resistance section 
(Fig. 4). Perforated plywood boards are 
inserted in a special plastic adapter built 
into the main duct, to provide the neces- 
sary working pressure loads for the fans. 


















Thus can the boards be easily inserted or 
removed whilst preserving an airtight 
joint. 

The tunnel is designed to test fans as 
extractor units over a complete working 
range. The motive power is provided 
by a torque reaction dynamometer unit, 
designed and built by Messrs. Heenan 
and Froude (Fig. 5). A constant-speed 
A.C. motor drives the dynamometer rotor 
and fan through a magnetic clutch, ener- 
gized by a variable direct current, the 





Fig. 3.—Discharge end of cast-iron casing 
bolted to plastic through a wooden ring. 
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Fig. 2.—View from inlet 
end showing flared 
construction, 


Fig. 4 (below)—Midway 
resistance section con- 
sisting of perforated 
plywood fitted in 
plastic adapter. 





control of which is the speed control of 
the fan. The speed is indicated on the 
dial of an electrical tachometer energized 
by a small generator connected to the 
drive shaft. The unit can produce a 
speed of 1,450 r.p.m. with a shaft output 
of 20 b.h.p. The shaft torque is mea- 
sured from the torque reaction on the 
dynamometer stator by means of a spring 
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Fig. 5.—Heenan and Froude dynamometer 
provides the motive power. 


balance, weights and a link-type system. 

The aerodynamic layout of the tunnel 
is as follows:—Air is drawn by the fan 
through the honeycomb into the duct, 
losing static pressure head as it gains 
kinetic head. The drop in pressure below 
atmospheric, measured at the diametric- 
ally opposite flush holes in the tunnel 
wall, is thus proportioned to the volume 
flow in the duct; the holes have been cali- 
brated accordingly. The depression in 
pressure is measured by a Chattock micro- 
manometer. The honeycomb preserves 
axial flow past the holes and prevents the 
swirl of the air affecting the volume 
calibration. 

The air suffers a further drop in 
pressure energy in passing through the 
constricting holes in the resistance board 
which provides the main duty of the fan. 
This depression in static pressure which 
the fan must overcome is measured 
against the flush holes in the tunnel wall 
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(Fig. 6) connected to a large manometer 
on the instrument table. 

Having passed through the fan, the air 
can be discharged directly to the 
atmosphere or passed through guide 
vanes and diffuser. 

Although the tunnel has only been 
operating a few months, it has furnished 
valuable information for the correlation 





Fig. 6.—Discharge end of wind tunnel 
showing opposed measuring holes. 


of theoretical and test performances, thus 
checking the validity of design formule. 
The transparent walls enable the effect of 
design variations to be easily examined 
and provide a ready means of observing 
the air flow through, and the stalling 
characteristics of, a fan. 


SETTING TIME OF SYNTHETIC GLUES 

The April Bulletin of Aero Research, 
Ltd., deals with computation of Aerolite 
Glue setting times with change in tempera- 
ture. In a clear manner the method of 
estimating these figures which are so 
important to large production is explained, 
namely, by finding how the temperature in 
the glue layer varies with time, by the 
plotting of a curve showing the percentage 
rate of setting against time and by finding 
the area under the curve. The value of the 
time where this area is equal to 100 per 
cent is the setting time. Excellent examples 
are drawn from glueing by means of rubber 
bag moulding, lamp heating, etc. 
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Metallizing Plastics 


(continued) 


A Complete Survey and Critical Study 

of the Modern Methods of Metal 

Film Formation on Plastics for their 
Protection and Decoration 


Vacuum Evaporation 

As far as is known, commercial 
evaporation methods applied to plastics 
are confined to those already referred 
to by The Handy and Harman Co., viz., 
silver upon transparent plastics. It is 
probably true to say that America has 
pioneered vacuum evaporation and many 
industrial concerns there have replaced 
cathode sputtering by evaporation on 
account of speed and efficiency. It is there- 
fore not surprising to find references to 
plastics first in that country. Some work 
has been done in this country, however, 
particularly with the object of extending 
processes that have been evolved for 
metallizing electrical paper tissues to the 
vacuum metallizing of plastic foils, espe- 
cially cellulose acetate and polystyrene. 
It is believed that success has not yet been 
achieved. In this direction, a summary 
of scientific researches, which are actually 
the basis of industrial practice, must be 
of interest. 

Much of the groundwork on vacuum 
evaporation of metals has been carried 
out by C. Hawley Cartwright and J. 
Strong in the California Institute of 
Technology. An apparatus is described 
by them in the ‘‘ Rev. of Scientific Instru- 
ments,’’ Vol. 2, No. 3, March, 1931, 
p. 189. This apparatus was conveniently 
designed for the evaporation of most 
metals and many non metals on to vari- 
ous base materials. They concluded that 
evaporation, as compared with sputter- 
ing, is easier and more rapid, permits of 
closer control of thickness of film, and 
can be applied to more metals. They 
were particularly interested in applica- 
tions to precision mirrors and found a 
means of protecting evaporated mirror 


by 
E. E. HALLS 


surfaces with an exceedingly thin trans- 
parent film of quartz. 

The apparatus consists essentially of a 
chamber capable of maintaining a high 
vacuum and the pumping equipment for 
providing this vacuum. The chamber 
has to house a heating mechanism for the 
material to be evaporated and a support 
for the object to be coated. It will be 
noted, therefore, that the equipment is 
very simple, with no restricting limita- 
tions on shape or size, nor upon modus 
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Fig. 33.—Apparatus for evacuation of metals. 
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operandi, other than the practical ones 
demanded by convenience to suit specific 
needs. 

Many heating arrangements are poss- 
ible. Electrical means are the obvious 
choice, owing to the ease with which leads 
can be taken through the base of the 
equipment to electrical heating coils 
within. Direct evaporation of the material 
off an electrically heated coil, or indirect 
heating of a ceramic or silica container 
through the agency of an electrically 
heated winding, are general practices, 
although in some instances condenser dis- 
charge to ‘‘ explode ’’ the material can be 
used. Cartwright and Strong used hori- 
zontal helically wound filaments, especi- 
ally for evaporating wires, or vertically 
positioned coils. Both tungsten and plati- 
num wires were successfully employed 
for these direct-heating coils. The material 
to be evaporated was merely slipped in 
the coil, the equipment evacuated and 
then the coil was rapidly raised electric- 
ally to the required temperature for 
evaporation by contact. During the brief 
liquid stage, surface tension would hold 
the material in the coil. 

The ultimate form of their apparatus 
is shown in Fig. 33. The vacuum chamber 
comprises a bell jar (J) of appropriate size, 
ground to fit on the steel baseplate (P). 
The latter is mounted on suitable support- 
ing legs. The ground joint is made 
vacuum tight with beeswax, picein wax, 
or preferably with one of the Apiezon com- 
pounds. Actually their apparatus included 
a heated wire (H) around the periphery 
of the plate for melting the wax in order 
to assist in making the vacuum seal. 
Vacuum connection is taken through the 
centre of the base plate through a char- 
coal container (C) consisting of a number 
of branch tubes (two only shown in the 
diagram). These are surrounded by 
liquid air carried on the support (D), and 
hence the reason for a multiplicity of 
branches, to obtain maximum cooling 
surface. This in conjunction with large 
diameter to the entrance to the apparatus 
assists in ensuring high pumping speed. 
The vacuum tube connection is sealed in 
with picein wax. 
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The heating element is shown at F, 
and the leads from it through the steel 
base plate are obvious. It is a filament 
wound from tungsten or platinum wire 
of 0.02 to 0.04 mm. dia. wound on a 
cylindrical or conical die. | When the 
material to be evaporated reacts with the 
filament, a small crucible of magnesia, 
alumina or graphite is fitted into the fila- 
ment. Two filaments may be used for 
the evaporation of two materials simul- 
taneously. 

The electrode supports, four in number, 
arranged symmetrically around the evac- 
uating port, are insulated with mica 
washers, and sealed with picein wax. 


Operation of Apparatus 


The object to be coated (M) is mounted 
in an inverted position upon four spring 
supports mounted on the base plate. 
Evaporation is in all directions, and, 
therefore, to minimize contamination of 
the apparatus and the extent of cleaning 
required some screening is desirable. The 
guard (G) is designed with this in mind, 
and to give a divergent beam sufficient 
to cover the object. Further, a copper 
disc at E stops particles that proceed 
beyond the object. Incidentally, the 
guard (G) in effect forms a continuation of 
the vacuum pipe-line, and, embracing the 
hot filament, assists in the elimination of 
gas evolved from the latter. 

In operating the apparatus, the surface 
to be coated is perfectly cleaned, using 
mechanical chemical or solvent methods 
as most appropriate. It is mounted in 
position, and the heater is charged with 
the material to be evaporated. The bell 
jar is sealed to its base plate. When the 
wax is hardened sufficiently the apparatus 
is exhausted by means of an oil pump. 
The activated charcoal is baked out with 
an eléctric heater. The oil pump will 
reduce to a pressure of 1 to 10 mm. of 
mercury; a vacuum corresponding to a 
pressure of 10-4 mm. of mercury is 
required, and the activated charcoal- 
liquid air system achieves this. The 
lower portion of the charcoal is first 
cooled, and it absorbs the bulk of the 
gas, leaving the upper layers active. 
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These are brought into action for the final 
stage of absorption by raising the liquid 
air. An indication that the vacuum 
required has been attained is the absence 
of any discharge whatsoever when the 
base plate is connected with a spark coil. 
The material to be evaporated is raised 
almost to the evaporating temperature in 
order to de-gas it, and then the filament 
is raised to the evaporation temperature. 
When evaporation is complete the liquid 
air is lowered from the charcoal, and the 
vacuum broken by opening the vacuum 
line to air. 

When glass is the material to be coated, 
it should be remembered that glass does 
not readily give up its absorbed water, 
and deposition on to this material heated 
to 200 degrees C. yields a more tenacious 
coating. Likewise, with plastics, difficul- 
ties are encountered due to retained 
moisture and volatile plasticizers. 

The metals evaporated under these con- 
ditions were:—Aluminium, antimony, 
beryllium, bismuth, calcium, chromium, 
cobalt, copper, gold, iron, lead, mag- 
nesium, manganese, nickel, selenium, 
silver, tellurium, tin, zinc. The investiga- 
tors preferred to use a crucible for 
aluminium and beryllium owing to extent 
of reaction with tungsten. They were not 
successful in evaporating silicon, and only 
succeeded in obtaining films of quartz, 
which was apparently present as impurity 
in the silicon. 

With alloys varying results were found, 
dependent upon the vapour pressures of 
the constituent metals under the condi- 
tions of evaporation. Speculum metal was 
a success, probably because tin and 
copper have approximately the same 
vapour pressure at the evaporation tem- 
perature. Brass fractionated, zinc 
depositing before the copper; similarly 
with jewellers’ silver, silver depositing 
first, then copper. 

Non-metallic materials evaporated 
included quartz, fluorite, alkali halides 
and silver chloride. Glass itself frac- 
tionated, leaving an opal residue. 

The materials upon which evaporated 
films could be deposited were any that 
would withstand the high vacuum condi- 
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tions, e.g., metal, paper, cloth, rubber, 
nitrocellulose. ; 

Evaporated quartz provides an efficient 
protection for evaporated silver, but is 
most efficient when the silver film has not 
been exposed to air. A quartz film of 
thickness less than one wavelength was 
found to withstand exposure to an atmo- 
sphere of hydrogen sulphide after fogging 
with the breath, without tarnishing, a 
condition that silver alone will not 
withstand. 

Thickness of deposit is controlled by 
weighing the amount of material to be 
evaporated, a procedure more accurate 
than would appear at first sight. It per- 
mits of accurate reproduction of partially 
reflecting films for mirrors for interfero- 
meters. These mirrors are protected by 
a film of evaporated quartz of thickness 
from 0.1 to 0.5 yu. Extreme uniformity 
of coating is achieved by making the dis- 
tance of object from the heating filament 
large in relation to its diameter. 

Some alloys can be produced as 
evaporated films by means of this appara- 
tus by the simultaneous deposition of the 
ingredients from separate heaters. Again, 
it has been possible to ‘‘ explode’’ alloy 
wires by means of condenser discharge 
and so deposit them. 


Most Suitable Filament Material 


Wallace C. Caldwell, in the Physics 
Dept. of the Iowa State College, has 
investigated the vacuum evaporation of 
molten metals from the point of view of 
the most suitable filament material. He 
considered chemical, metallurgical and 
physical reaction between the two. The 
apparatus employed was similar to that 
of Cartwright and Strong, comprising a 
glass bell jar ground to fit a glass base 
plate, the various supports and electrical 
leads being sealed through the plate. 
Vacuum was obtained by a mercury dif- 
fusion pump. The seal between bell jar 
and plate was ensured by means of a 
mercury junction. The relative arrange- 
ment of metal to be evaporated and the 
filament was determined by the available 
form of the former. If as wire, it was 
wound tighly around the filament at the 
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1.—In some cases where the metal does not wet 
the filament, the surface tension is such that the 
globule of molten metal is supported mechanically by 
the spiral filament. Although evaporation occurs, 
the occasional dropping of molten metal from the 
filament is an undesirable characteristic. 


2.—In an attempt to evaporate columbium, wire 
with a diameter of 0.03 in. was used. Apparently 
the heat transfer from filament to the columbium 
was not efficient enough to melt the columbium, but 
fine columbium wire wrapped tightly about the 
filament should melt quite easily. 

3.—Iron is difficult to evaporate because it forms 
low melting point alloys. However, if several turns 
of tungsten are wrapped tightly about a short length 
of iron wire, the iron can be evaporated successfully. 
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An iron-tungsten alloy is formed along the whole 
length of the helix, but a core of tungsten is left 
unaffected so that the filament is maintained intact. 
Differential evaporation of iron from the molten 
tungsten-iron alloy probably takes place. Nickel 
can be evaporated by this same procedure. 


4.—Due to its low vapour pressure, platinum 
evaporates very slowly. If very fine platinum wire is 
wrapped tightly around a tungsten filament, the 
efficiency of heating is adequate to melt and to 
evaporate the platinum. 


5.—A shell of some refractory compound of 
strontium separated the molten strontium from the 
filament so that the wetting properties could not be 
examined. | 











bottom of a couple of sinuous loops; if in 
lumps or pieces, these were placed in the 
filament wound as a vertical conical helix. 
With such arrangements, success is 
dependent upon several factors, viz:— 

(a) The metal must adhere to the fila- 
ment over the full range of operating tem- 
peratures, i.e., the molten metal must wet 
and adhere and must not fall off in drops. 

(b) The vapour pressure of the metal 
at a temperature below the melting point 
of the filament material must be sufficient 
for its rapid and complete evaporation. 

(c) The metal must not form an alloy 
with the filament material having a melt- 
ing point below the temperature at which 
complete evaporation occurs. 

(d) Direct chemical combination, or at 
least any appreciable degree of combina- 
tion between the metal to be evaporated 
and the filament material, must not occur. 

For commercial practice, it is evident 
that filaments of long life are necessaty 
for economic processes. Information upon 
the above factors is of vital importance 
in selecting the most serviceable filament 
material. Caldwell’s article in the ‘‘ Jour- 
nal of Applied Physics,’’ Vol. 12, No. 11, 
November, 1941, p. 779, presents tabu- 
lated data which give very full informa- 
tion upon these problems, and which are 
reproduced here in Table 39. They 
are self explanatory with details of the 
letter and numeral codes given beneath 
the table. The metals to be evaporated 
are arranged alphabetically in the top 
horizontal column, ‘and the filament 
materials tested in descending orde- of 
melting point in the left-hand vertical 
column. The two temperatures given 


against each metal (both filament and 
that to be evaporated) are the melting 
point and boiling point at atmospheric 
pressure of that metal. From these data, 
recommendations are made in Table 
40, which shows for each metal to 
be evaporated a range of metals for the 
filament in descending order of suitability. 

M. Alden Countryman, one of the first 
investigators to appreciate that tungsten 
and platinum are not always the best 


Table 40.—Satisfactory Filament Materials for 
the Evaporation of Various Metals (Listed in 
Order of Merit) 











Meal Filaments 

Aluminium Tungsten, tantalum, molybdenum, 
columbium 

Antimony ., | Chromel, tantalum, tungsten 

Berium ., | Tungsten, tantalum, molybdenum, 
columbium 

Beryllium ,, | Tantalum, tungsten, molybdenum 

Bismuth Chromel, tantalum, tungsten 

Cadmium ,, | Chromel, columbium, tantalum 

Cobalt .. | Columbium 

Copper .. | Columbium, molybdenum, tantalum 

Germanium | Tantalum, molybdenum (other filaments 
not tried) 

Gold .. | Tungsten, molybdenum 

Iron .. | Tungsten 

Lead .. | lron, nickel, chromel 

Magnesi g: tantalum, molybaenum, 
columbium 

Manganese |-Tungsten, tantalum, molybdenum, 
columbium 

Nickel .. | Tungsten 

Platinum .. | Tungsten 

Selenium .. | Chromel, iron, molybdenum 

Silver .. | Tantalum, molybdenum, columbium, iron 

Strontium,, | Tungsten, tantalum, molybdenum, 
columbium 

Tellurium ., | Tungsten, tantalum, molybdenum, 

‘ columbium 

Thallium .. | Nickel, iron, columbium, tantalum 

Thorium .. | Molybdenum 

Tin... .. | Chromel 

Titanium ., | Tungsten, tantalum 

Vanadium .. | Tungsten, molybdenum 

Zinc .. | Tungsten, tantalum, molybdenum, 
columbium 
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filament materials, and should not be used 
universally, has also published results of 
work done in the Physics Dept. of the 
Iowa State College, ref.: ‘‘ Journal of 
Applied Physics,’’ Vol. 8, No: 6, June, 
1937, p. 482. He, too, used a glass bell 
jar ground to fit a heavy plate glass base 
plate, with the junction sealed with 
mercury. The evacuating tube was’sealed 
into this base plate with de Khotinsky 
cement. Lead-in wires were sealed through 
this tube. A device was sealed in the 
system between the bell jar and the 
carbon trap in order to obtain some 
measure of the vacuum attained. It com- 
prised a discharge tube having two alu- 
minium discs as electrodes, 24 mm. dia., 
12.8 cm. apart. Potential was applied 
to one electrode from a hand-operated 
Tesla coil, and the other was earthed. An 
approximate idea of pressure was obtained 
from the form of the discharge. 

In order to test the metal to be evapor- 
ated against a particular filament material, 
it was obtained in wire form and wound 
tightly around the filament wire. The 
latter was then formed into a spiral, leav- 
ing two short ends for inserting in the 
connectors. Glass test plates were posi- 
tioned 5 cm. above and below the heater. 
The bell jar was placed in position, evacu- 
ated, and when no discharge across the 
test gap was obtained from the Tesla coil 
conditions were considered correct for 
evaporation. Observations were then 
made by applying potential to the fila- 
ment, increasing the current gradually 
until the metal melted and then remained 
adherent or dropped off. If adherent, the 
current was further increased until the 
metal evaporated (as shown by the glass 
test plates) or the filament burnt out. 
Table 41 contains information taken 
from the original. It shows for a range 
of filament metals, and a range of metals 
evaporated, whether the latter when 
molten adhered or fell off, whether it 
evaporated successfully, or whether 
obvious reaction occurred between the 
two. In the vertical column on the left are 
the metals to be evaporated, while the top 
horizontal column shows the filament 
material. The two temperatures given 
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against each metal are its melting point 
and boiling point at atmospheric pressure. 
The data is clearly self-explanatory. It 
will be noted that for the evaporation of 
aluminium a range of choices for filament 
materials exists, that is molybdenum, 
tungsten and tantalum. The first two of 
these are generally employed. These facts 
are in accord with the other tabulated 
data presented, but, in the latter, nickel 
was also shown as a possibility. Table 
40 also showed that the same three 
materials were suitable for beryllium. 
With magnesium it seems preferable to 
evaporate from a crucible, but again-the 
same range of metals are suitable for the 
filament, and are safe against inevitable 
contamination from magnesium vapour. 

Table 42 gives evaporation tempera- 
tures for the metals in terms of degrees 
absolute (T'= degrees C. + 273) for a 
vapour pressure of one-hundredth of a 
mm. of mercury. 

Cartwright developed special techniques 
for obtaining the best evaporated films of 
silver, beryllium, chromium and silicon 
(ref. ‘‘ Rev. of Scientific Instruments,”’ 
Vol. 3, No. 6, June, 1932, p. 298). His 
object was to secure very pure films of 
silver for surface mirrors having improved 
resistance to tarnish; beryllium films for 
electro-statically shielding X-ray win- 
dows, because the small mass of the 
beryllium atom suggested its superiority 
over other metals for this purpose; chro- 
mium films on glass on account of their 
good adhesion as well as their passivity, 
which renders them attractive for perma- 
nent mirrors; and silicon films, since their 
extraordinary high reflectivity in the 
ultra violet region makes them particu- 
larly suitable for mirrors required for 
wavelengths shorter than 1,800 A.U. 

The apparatus employed is shown in 
Fig. 34, and in general principle it was 
similar to that previously described. The 
base plate (P) was of 1-in. thickness steel, 
and it could accommodate a small or large 
glass bell jar (J), the larger being 16-in. 
diameter. For the latter, vacuum was 
obtained by means of a two-stage-in-one 
diffusion pump, but for the smaller one 
activated carbon absorption was 
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Table 42.—Evaporation Temperature* of Different Metals 
r Evaporation Temperature Sacerial Evaporation Temperature 
seoraies T° Absolute™ ‘ T° Absolute* 
Hg 320. Pb 1,000 
Cs 433 Sn 1,148 
Rb 450 Cr 1,190 
K 480 Ag 1,319 
Cd 541 Au 1,445 
Na 565 Al 1,461 
Zn 623 Cu 1,542 
Mg 712 Fe 1,694 
Sr 811 Ni 1,717 
Li 821 Pr 2,332 
Ca 878 Mo 2,755 
Ba 905 € 2,795 
Bi 913 Ww 3,505 
Sb 973 














*Temperature at which vapor pressure equals 10—2 mm. af mercury. 


Baur, E., and Brunner, R., Helv. chim. Acta., 17, 959 (1934 


Espe, W., and Knoll, M., Werkstoffkunde der Hochvakuumtechnik, page 358. Berlin: Julius Springer, 1936. 


Knoll, M., Ollendorff, F., and Rompe, E., Gasentladungs-Tabellen. 


Landolt- Bornstein, Phys. Chem. Tabellen, Fifth Edition. 
Leitgebel. W., Metallwirtschaft, 14, 267 (1935). 


employed. A specially devised carbon 
absorption vessel is shown in Fig. 35. 
In this a layer of carbon (C) is held against 
the walls of its container by means of a 
wire cage (W). A better opportunity for 
rapid absorption by a cold layer of carbon 
is ensured. Special attention was given 
to use well-activated charcoal, and if 
sharp shadows were not obtained on the 
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Berlin: Julius Springer, 1935. 


Berlin: Julius Springer, 1923-1936. 


walls of the jar the vacuum was not 
deemed good enough. 

The base plates (Fig. 34) carried six 
brass posts (BB), so that several heating 
filaments (F) could be used or, alterna- 
tively, electrical connections could be made 
to the evaporated films. The mirror surface 
(M) to be coated was held by sliding sup- 
ports on four phosphor bronze strips (AA’) 
held by a massive ring on the base (D), 
the whole of this arrangement being 
capable of insertion or withdrawal as a 
unit. A guard cage (G) could be placed 
around the filament if desired to protect the 
bell jar from deposition. The hole in this 
guard was closed with a mica shutter (H) 
on vertical bearings (K), so that it could 
be operated by tilting the whole apparatus 
slightly. The bell jar to base junction was 
ensured with beeswax-resin compound. 

A device was incorporated to watch 
the rate of evaporation. A potential of 


Fig. 34 (left).— 
Apparatus for 
vacuum  evapora- 
tion. * 
+e 
Ww Cc 
“a 


Fig. 35 (right).— 
Carbon absorption 
vessel. 
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200 volts was maintained between fila- 
ment and metal base. This activated the 
hydrogen used for cleaning the metal to 
be evaporated, and made the evaporating 
metal become luminous. | With correct 
rate of evaporation, the discharge was 
bright enough to be seen in a well-lighted 
room. Incidentally, the discharge was 
thought to improve the adhesion of the 
evaporated metal to glass. 


Production of Pure Films 


Some notes from Cartwright’s paper 
upon the precautions taken to obtain 
specially pure films are worthy of note. 

The source of silver was specially pre- 
cipitated silver powder, thoroughly 
washed and melted into a ball on a piece 
of fused quartz. Pieces of this silver 
were used for evaporation. The heater 
filament was 0.020-in. dia. tungsten wire 
wound into a helical spiral. Filaments 
used a second time were heated to bright 
red heat, and quenched in water to anneal 
them and to remove embrittlement. 
Alternative heaters were in the form of 
boats formed out of thin strip tungsten or 
molybdenum. The silver evaporation 
temperature was white heat, of the order 
of 1,500 degrees C. 

The advantage of the super-purity 
silver film showed in resistance to corro- 
sion. It withstood hydrogen sulphide, 
burning sulphur fumes and ozone without 
tarnishing. All of these attacked chemi- 
cally deposited silver films. Sulphur or 
sulphur-containing materials such as 
rubber in direct contact resulted in local 
attack. Additional protection is provided 
by a thin layer of quartz, provided it is 
deposited immediately following the 
evaporation of the silver without breaking 
the seal of the equipment to air. 

The pure silver films themselves, after 
peeling off with a razor blade, were also 
used for special applications, such as 
thermocouple receivers and leads to sus- 
pended coils of galvanometers. 

In preparing beryllium films, the fila- 
ment or boat was protected against attack 
by the molten beryllium. This was 
achieved by means of thorium oxide, 
applying a thin layer moistened with 
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5 mg. of thorium chloride in 5 ml. of 
water. Beryllium films deposited on to 
thin layers of mica or on thin lacquer 
films were used over windows of ioniza- 
tion chambers for electrostatic shielding, 
the beryllium films being transparent to 
X-rays. Beryllium films retain their 
brilliant lustre by virtue of a very ‘thin 
superficial layer of oxide. 

Aluminium was evaporated by methods 
closely similar to those used for beryllium. 

Chromium proved difficult to evapor- 
ate, even above 2,200 degrees C. Appli- 
cation of a 200-volt potential between the 
filament and the base sometimes assisted 
the start of evaporation, but, addition- 
ally, a preliminary boiling of the 
chromium with strong hydrochloric acid 
was beneficial. However, easy evapora- 
tion occurred if the metal was first melted 
in the presence of active hydrogen. The 
object coated in all cases was shielded by 
the mica diaphragm during initial melt- 
ing of the chromium. 

In coating glass with chromium, very 
thorough precleaning is advocated. Coat- 
ings can then be obtained that are 
almost impossible to remove, and 
markedly more resistant to acids and 
alkalis than ordinary chromium. 

Evaporated chromium possesses low 
reflectivity in the visible region, but good 
in the infra red (63 per cent. reflectivity 
at 2 » and 93 per cent. at 10 »). Hence, 
its use for mirrors for infra red. Its grey 
transmission suggested its use for step 
weakeners in the photographic measure- 
ment of line density. 

For evaporating silicon, it was found 
necessary to use more protection of the 
tungsten or molybdenum than used for 
beryllium. One sound procedure used a 
thin crucible of fused thorium oxide 
within the tungsten heater. Another, less 
convenient, melted the silicon on to a 
tungsten heater, and then piaced the 
product in a thorium oxide protected 
filament. To overcome the difficulty of 
commercial silicon containing quartz 
impurity, this was first fractionally dis- 
tilled during the evaporation process, 
using the mica shield to protect the 
object. The evaporation temperature 
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was about 2,000 degrees C. Silicon 
mirrors were used for the ultra violet 
region. 

In ‘“‘ The Physical Review,’’ Vol. 43, 
1933, p. 205, Hiram W. Edwards con- 
tributes a note on aluminium/magnesium 
mirrors produced by the simultaneous 
evaporation of these two metals in 
vacuum. He does not give accurate 
analyses to show the composition of the 
film owing to the practical difficulties 
associated with analysing films of which 
the weight is of the order of only 1 mgm. 
Results that were obtained gave values 
between 10 per cent. magnesium, 90 per 
cent. aluminium and 50 per cent. magne- 
sium, 50 per cent. aluminium. 

Edwards obtained the best result by 
evaporation of the two metals in separate 
pieces, using weights in the proportion 
10 parts aluminium, 1 part magnesium. 
It is evident that it cannot be assumed 
that the film composition is of similar 
order. First, the evaporation process 


causes general deposition so that uniform ° 


coating of the object by the two metals 
does not necessarily follow. Secondly, 
although the melting points of the two 
metals are very close (aluminium 658 
degrees C., magnesium 651 degrees C.), 
their boiling points at atmospheric 
pressure are far apart (aluminium 1,800 
degrees C., magnesium 1,120 degrees C.). 
Thus it can be anticipated that the 
vapour pressures under vacuum evapora- 
tion conditions are widely divergent, with 
that of magnesium higher, and with the 
possibility of larger deposition of this 
metal. 

Edwards claims that mirrors produced 
by the evaporation of the best propor- 
tions of aluminium and magnesium 
should prove invaluable in optical instru- 
ment manufacture where surfaces of high 
reflecting power are required. The com- 
bination deposit is exceedingly hard and 
non-tarnishable, apparently due to the 
corrosion and mechanical protection 
afforded by a very thin superficial layer 
of aluminium oxide. These mirrors have 
advantages over silver in both these 
respects. 

Edwards tested mirrors from evapor- 
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ated aluminium and from the aluminium- 
magnesium combination for reflective 
power with light incident at an angle of 
10 degrees. The source was a tungsten 
filament, from which the white light was 
filtered and three ranges tested by means 
of the standard set of Wratten three 
colour-taking filters as used for tricolour 
reproduction. The red filter (A5) trans- 
mits approximately the band 7,000 to 
5,800, the green (B58) from 6,200 to 
4,800, and the blue (C5-47) from 5,200 
to 3,600. Intensities were measured by a 
Weston Photronic. 

The pure aluminium films reflected 
89.5 per cent. in each of the three regions, 
and aluminium-magnesium 94 per cent. 
Chemically deposited silver, thrown on 
four surfaces, showed 95 per cent. reflec- 
tivity at the red end and only 85 per cent. 
at the blue end of the spectrum. There- 
fore the aluminium-magnesium combina- 
tion not only shows high reflectivity but 
uniformity over the visible region, with 
every possibility of good values in the 
ultra violet. More work is in progress. 

J. Strong, on p. 488 of the same 
journal, refers to pure aluminium 
evaporated films with respect to their 
mirror properties. He finds their reflec- 
tivity nearly as good as that of silver for 
green light, but much higher for ultra 
violet. Specific applications in ultra- 
violet optics are, therefore, of great 
interest. He claims that evaporated 
aluminium mi-rors retain their reflec- 
tivity values when exposed for extended 
periods, due to the natural oxide film 
formation. The permanence of reflective 
efficiency as shown by exposure over a 
period of six months contrasted with that 
for silver protected by an evaporated 
quartz film, which diminished apprecia- 
ably. Again, the evaporated aluminium 
adheres to glass surfaces tenaciously, 
whereas silver is not so firmly bounded 
and is more easily scratched. Aluminium 
can be washed with soap and water at 
regular intervals without harm, whereas 
silver becomes scratched under similar 
treatment. Not only is the aluminium 
coating suitable for gratings and mirrors, 
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but also for interferometers on account of 
uniformity of reflection and transmission 
within the visible range. 

Strong. found tungsten to be a suitable 


material from which to _ evaporate 
aluminium, using a helix of proper 
dimensions. Provided the wire is of 


sufficient thickness, the limited solubility 
of tungsten in liquid aluminium enables 
saturation of the aluminium to occur with- 
out the wire diameter becoming danger- 
ously reduced. He used 8 turns/inch of 
1/32-in. dia. wire. With closer spacing 
the aluminium was found to short the 
turns and cause inefficient heating, where- 
as with wider spacing the coil burnt out, 
due to excessive ratio of aluminium 
to tungsten. The dissolved tungsten is 
naturally deposited back on the coil as 
the aluminium evaporates and between 
each use the coil may be heat treated to 
sinter it. The coil used is about 1 in. 
long and }-in. internal diameter, and the 
pure aluminium to be evaporated is cut 
from foii and rolled into a cylinder to 
fit easily into the helix. Such a coil can 
be used for about a dozen evaporations. 
In order to obtain the purest of films, 
Strong first melted the aluminium to the 
helix by a preliminary run in the appara- 
tus, thus freeing the aluminium from 
oxide or gas. The object to be coated 
is then introduced and the evaporation 
proceeded with normally. 

Hiram W. Edwards, in the “ Rev. 
of Scientific Instruments,’’ Vol. 4, No. 8, 
August, 1933, p. 449, discusses the 
evaporation of metals in vacuum from the 
point of view of the wear and tear of 
the filament. He particularly refers to 
aluminium. Using a short piece of 
aluminium wire laid inside a tungsten 
coil, failure usually occurred, due -to 
arcing when one end of the wire broke 
contact with the coil. This led to his 
using a number of pieces of wire hung 
from the openly spaced loops of the 
heater coil and, later, to a similar arrange- 
ment using a straight filament wire. As 
each piece of aluminium melts it draws 
up to globular form on the wire, then 
evaporating, with reduced danger of 
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burning out. Next he, successfully tried 
using a heater wire in the form of a sihe 
wave, with plane vertical supporting the 
aluminium cut into H-shaped pieces on 
the waves. Again, two straight heater 
wires spaced about a millimetre apart in 
a horizontal plane were used with the 
metal supported on them. This gave 
better contact and evaporation at a lower 
heater temperature. 


Evaporation of Aluminium 

In modern commercial evaporation pro- 
cesses for aluminium, Edwards’s ideas 
are often adopted. Thus a common pro- 
cedure is to use a coiled heater arranged 
horizontally with the aluminium cut into 
the form of “‘ flags,’’ which are inserted 
between the turns of the coil. A number 
of such heater coils are suitably arranged 
in the same chamber to produce the quan- 
tity of evaporated metal and distribu- 
tion required. 

In commercial plants, the bell jar 
chamber can be replaced by an open- 
ended cylinder with loose glass plate as 
top cover. Apiezon compounds are used 
for the seals, but only the minimum is 
employed and the grease is confined to 
outer edges so that the contamination of 
the atmosphere inside is minimized. 
Often it is convenient to use a cylindrical 
chamber with main axis horizontal. The 
heaters are mounted on a frame carried 
on the end cover. The tray or compo- 
nents to be metallized are placed in the base 
of the chamber and the heaters with the 
metal flags in position are inserted and 
the cover bolted in position. Vacuum is 
lowered, first by means of an oil pump 
and in the final stages using an oil diffu- 
sion pump. When the required degree of 
exhaustion is reached, indicated by a 
valve tube measuring device for ‘‘ hard- 
ness ’’’ of vacuum, the metal is flashed by 
means of the heaters. The vacuum is 
then immediately broken and the cham- 
ber unloaded ready for the next charge. 
A loose metal lining in the oven takes the 
excess of evaporated metal, avoids undue 
contamination of the oven, and makes for 
easy cleaning. 

Surfaces to be coated must be per- 
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fectly clean chemically. In many of the 
researches referred to, for example, glass 
for mirror coating was degreased by 
washing in soap and water, and then 
thoroughly washed in water to remove 
soap. Any entrained polishing com- 
pounds, such as rouge, were removed 
with a rubber eraser, and final clean per- 
formed with a clean, washed cloth. The 
parts were ‘‘glowed’’ in the vacuum 
chamber prior to deposition. Commer- 
cially, the chemical cleans used for glass- 
ware in valve manufacture may be 
employed. A preliminary alkali wash 
using a mild alkali (sodium carbonate, 
silicate phosphate mixture), then a water 
wash, followed by a sulphuric-chromic 
acid soak and water wash, can be used 
for glass. Roughening to a degree suited 
to the material and to the nature of the 
job is also resorted to, as it improves 
adhesion. Thus ground surfaces of quartz 
and of glass are particularly favourable 
to adherent coatings of metals such as 
aluminium and silver. Again, hydro- 
fluoric acid etching is employed in some 


cases for these two materials. 
i] 


Cleaning of Plastics 


With plastics the same need for cleanli- 
ness is entailed. Thus dust and swarf 
from fettling of mouldings or from drill- 
ing and tappings of holes must be com- 
pletely removed, as likewise must oil and 
grease from machining operations and 
handling. Suitable solvents must be 
chosen for these cleanses, and excess must 
be removed, if necessary applying a low- 
temperature baking to eliminate any 
absorbed solvent. Roughening may be 
mechanical as by sand blasting, or by 
solvent as described under electroplating. 
Always the plastic should be fully cured 
or matured, and any volatile matter that 
can be evolved under the vacuum condi- 
tions will be detrimental in preventing 
the low vacuum condition being obtained. 

For data upon practical vacuum tech- 
nique, readers are referred to ‘‘ Proce- 
dures in Experimental Physics,’’ J. 
Strong (Prentice-Hall Inc., 1989). 

It will be seen that aluminium has, 
perhaps, the greatest claim of the metals 
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for application by the evaporation pro- 
cess. Not only does it yield superb mirror 
surfaces but also it has been used as a 
very thin layer for the protection of 
evaporated silver; the thin oxide film 
gives the necessary resistance to tarnish. 
Of the plastics, it is felt that the low-loss 
factor silica loaded polystyrene moulded 
products should be given first attention, 
because of this material extensively 
replacing low-loss ceramics; secondly, the 
film materials, polystyrene, ethyl cellulose 
and cellulose acetate, demand attention, 
because of their possibilities of supersed- 
ing both paper and mica in electrical 
condensers. 

The. foregoing has been in the nature of 
a scientific dissertation upon the deposi- 
tion of metals (or non-metals) by the 
vacuum processes of cathode sputtering 
and evaporation. Commercial processes 
of necessity have to be performed upon 
similar lines, because there is no com- 
promise where vacuum and _ electrical 
conditions are concerned. Industrialists 
concerned are not likely to be perturbed 
with the problems involved. The field is 
a wide one, and the possibilities for silver 
and the light metals, not only for alu- 
minium but also for magnesium and 
beryllium are very sound. Small com- 
ponents can conveniently be handled, and 
modern science is demanding smaller and 
smaller components and equipments. 
Unlike electroplate methods of metal coat- 
ing, these vacuum methods are ‘‘clean,”’ 
no chemicals are involved, and no 
retained chemicals are, therefore, present 
to cause tarnish, corrosion or electrical 
failure. Deposits can be _ produced 
directly on metallic or non-metallic sur- 
faces alike. Further, materials can be 
evaporated in succession or _ simul- 
taneously on the same surface, or upon 
different areas of the same surface. These 
processes may, therefore, be intricate, yet 
there is much flexibility associated with 
them. 

(To- be continued) 
Note: The concluding section of this article 


will be published in the May issue and will 
consist of miscellaneous additional information. 
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World’s Industry 
Employs Plastics 





ELLIE. 
GENERAL ENGINEERING 


New general - pur - 
pose synthetic rubber 
has been introduced 
by Goodrich. Full 
details are not given, 
but it is said to be 
available in _ soft, 
medium and _ hard 
forms and to replace, 
very satisfactorily, natural rubber. Its 
oil-resisting properties are good, and it 
may be extruded into tubing, or moulded, 
as required. It is supplied in sheet, 24 ins. 
by 120 ins., in thicknesses from } in. to 
4 in., and in the size 24 ins. by 60 ins. in 
thicknesses of } in. and 1 in. Small 
moulded-plastic indicator lamp, manu- 
factured by G.E.C. (U.S.A.), has a shake- 
proof lock-on colour cap, so designed 
that no freezing to the lamp envelope is 
possible. The lamp can be used instead 
of the usual gas-discharge glow-lamps. 
(‘‘ Automotive and Aviation Industries,’’ 
1948/89/44. Nov. 1.) Special rubber 
mix has been developed by the Los 
Angeles Standard Rubber Co., Los 
Angeles, California, for the hot forming 
of magnesium-alloy sheet. The new mix 
is stated to give a service life of up to 200 
operation cycles, as opposed to the 20-40 
cycles obtained for ordinary mixes; it 
may, furthermore, be exposed for pro- 
longed periods to steam of 325 degrees F. 
Exceptional resistance to tearing and 
smudging is also claimed. (‘‘ Automo- 
tive and Aviation Industries,’’ 1943/ 
89/58. Dec. 1.) Pin gauge of new 
type has a plastic collet slotted and 
tapered to fit into the tapered end of a 
standard gauge holder. The collet is 
locked by hand pressure, and partial turn- 
ing with a hand spanner unlocks it; thus 
the gauge can be reversed or can be re-set 


to any outside projecting length. The 
advantage of plastic in this instance is 
that it does not mar a lapped or polished 
surface, whilst the collet, having a big 
gripping area, prevents scratches or burrs. 
Considerable economies are possible 
through the use of straight-gauge ends, 
which can be cut off when worn or 
reversed. The combined steel and plastic 
gauge is much lighter than the standard- 
type gauge. (Turner Gauge Grinding Co., 
Ferndale, Mich.) Adhesives developed or 
improved during the war and employed 
for joining wood, metals, various types of 
resins, etc., are discussed in a compre- 
hensive review given in ‘‘ Product 
Engineering,’’ 1944/15/30. (Jan.) Of par- 
ticular value are hints as to the selection 
of glues and adhesives called upon to 
meet U.S.A. Army and Navy specifica- 
tions. Porosity of phenolic resin-bonded 
abrasive wheels may, according to 
Koifman, in Russian patent 43,830, be 
obtained by adding to the mix such fillers 
as burnt clay, in addition to the actual 
abrasive particles. Method of producing 
resin-bonded wheels is covered by German 
patent 734,828. The abrasive grains are 
suspended in a water emulsion of poly- 
vinyl-type resins, poured into a mould, 
dried out, and finished to shape. Repair 
of hard rubber parts, such as_ battery 


cases, pump rotors, etc., by means of - 


polyvinyl-chloride, is described by 
Enderlein in . ‘‘ Kunststoffe,’’ 1942 /32/ 
289. Where high pressures, high vacua or 
thermal stresses are likely, however, the 
author does not consider this type of 
repair advisable. Recommendations for 
the planning and estimating of moulds for 
plastics are put forward by Thayer in an 
account published in ‘‘ The Tool and Die 
Journal,’’ 1943/9/129. Problems dis- 
cussed are planning, details of costing, 
estimating mould costs and production 
rates. 
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AIRCRAFT 


Laminated phenolic 
resin - impregnated 
paper on special wood- 
pulp base has been 
successfully  experi- 
mented with by the 
McDonnell Aircraft 
Corp., as replacement 
material for  alu- 
minium-alloy sheet. Of particular interest 
is the low working pressure employed in 
manufacture, namely, 250 lb. per sq. in. 
(‘Mechanical World,’ 1943/114/758.) 
‘*Chromseal,’’ a fabric-free compound 
in ribbon form, is offered as a gasket 
material for sealing mating surfaces on 
riveted or bolted fuel tanks, whether of 
the fixed or auxiliary types. ‘‘Chrom- 
seal’’ may also be used for corking plastic 
vessels. The material is highly resistant 
to petroleum, oil and water, and may be 
moulded to any angle, curve or contour. 
‘‘Fabseal’’ is marketed as a gasket for 
use in the construction of flying-boat 
hulls and oil tanks, that is, for bodies 
where internal or external pressures are 
encountered in conjunction with con- 
tinued vibration or shock loading. It is 
an impregnated fabric with an interleaf 
separating the fabric layer. After applica- 
tion, the interleaf is removed, thus expos- 
ing the upper surface of the tape. 
‘* Stratoseal’’ is a sealing tape for pres- 
sure cabins for high-altitude flying. It 
remains flexible at —70 degrees F. and 
resists temperatures up to +150 degrees 
F. The three compounds referred to here 
are manufactured by the Pittsburgh Plate 
Glass Co., Pittsburgh. (‘‘ Machine 
Design,’ 1944/16/168. Jan.)  Aijrcraft 
antenna masts are built of Compreg wood 
to withstand loads exerted when the 
machines are diving. Electrostatic shield- 
ing is attained by a thin electro-deposit of 
copper. Instrument boards of lamin- 
ated plastics may also be protected in a 
similar manner by _ electro-deposition. 
Instances are known of moulded plastic 
housings being plated, for shielding pur- 
poses, with copper and cadmium. An 
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interesting example is a loop antenna 
consisting of a polystyrene moulding, the 
electrical circuit being made of a deposit 
of metal around its periphery. (‘‘ Pro- 
duct Engineering,’’ 1944/15/17. Jan.) 
Internal damping properties of nylon find 
a useful application in the non-stop-pick- 
up of air mail. Nylon ropes stretch 
rapidly, but recovery is slow; much of 
the energy put into the rope emerging in 
the form of heat and only a part being 
converted into recoil. These properties, 
together with the high strength, light 
weight and durability of nylon, have 
dictated the present application. In‘the 
air mail pick-up device, a loop of rope is 
hung over two standards supported in 
the ground. The low-flying aircraft has 
a pick-up hook which contacts the rope, 
and the mail container is then wound on 
an electrically driven winch into the aero- 
plane. At the moment of contact, the 
line attached to the hook is paid out from 
the winch and an automatic brake is 
gradually applied. It was found that 
when ordinary rope was used, an 
hydraulic shock absorber was required; 
this, however, is unnecessary in the case 
of nylon. (‘‘Product Engineering,”’ 
1944/15/61. Jan.) Propeller blade of 
composite construction in wood, plastic 
and metal was recently taken from a 
German aeroplane. It is reported that 
the assembly discloses the use of both the 
Schwarz and Jablo techniques. (Greene 
and Crocker, S.A.E. National Aviation 
Meeting, Oct., 1943; ‘‘ Automotive and 
Aviation Industries,’’ 1943/89/34. Nov. 
15.) New-type synthetic rubber ‘‘ Uskol ”” 
is said recently to have been developed by 
the United States Rubber Co., New York. 
The new material appears to possess a 
resistance to organic solvents even greater 
than that of some of the other synthetics 
and may be safely used in contact with 
fuels, fuel oils, petroleum and many dry- 
cleaning fluids. It may be moulded, 
extruded, fabricated into petrol and oil 
hose, or used for tank linings. It may 
be used to impregnate paper and card to 
achieve greater resistance to oil, water 
permeability, and chemical attack. 
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Household items, such as mats, draining 
boards, strainers, aprons and gloves, may 
also be made of ‘‘ Uskol.’’ It is even 
possible, it is said, to produce a rain- 
proof coat which may safely be subjected 
to dry cleaning. The material cannot be 
used for tyres. 





LECTRICAL 


Creep path = and 
water permeability of 
organic insulating 
materials form  sub- 
ject of investigation 
by Staeger Bédert and 
Frischmuth. Know- 
ledge on these aspects 
is now _ beginning 
to assume a definite, systematic form. 





(‘‘Schweizer Archiv. f. angewande 
Wissenschaft und Technik,’ 1943/9/ 
314.) Corrosion phenomena alleged to 


be caused by a_ phenol-formaldehyde 
resin-impregnated board have been 
reported by the Copenhagen Telephone 
Co. Electrolysis is said to be the under- 
lying cause. (Spitzer, ‘‘ Elektrische 
Nachrichtentechnik,’’ 1940/17/269. Also 
‘“The Engineers’ Digest,’’ 1943/4 /351.) 
Tape form plasticized polyvinyl-chloride 
has been developed for covering plating 
racks. It may be applied directly to the 
rack or after the rack has been coated 
with a solution of the same base. The 
tape is said to have good resistance to 
wear and abrasion and to be an excellent 
insulator. It shows remarkable resistance 
to plating solutions of all kinds, including 
chromic acid solutions and alkali and acid 
dips. The tape is glossy black and is 
supplied in 1 1b. rolls, containing 170 ft. 
of ?-in. tape 0.014 in. thick, by the 
Goodrich Co., © Akron, Ohio. In 
‘““Machine Design,’’ 1944/16/108 (Jan.), 
it is observed that masks employed 
to prevent the deposition of chromium on 
certain parts of aircraft landing gear are 
made of Saran, which possesses particu- 
larly high resistance to chemical attack. 
Electrofilm, recently placed on the market 
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by the G.E.C. (U.S.A.), is a new dielec- 
tric, available in rolls'and sheets, and is 
intended to fill the gap left by mica. 


Low - temperature 
tests on plastic foils 
were undertaken by 
Wellinger and Staehli 
(Kiinststoff Techn. 
und Anwendung, 
1943/33/103). Foils 
0.4 mm. thick were 
subjected to bending 
at a temperature of —40 degrees C. by 
wrapping over a 10-mm. mandrel to an 
included angle of 135 degrees under a 
tensile load of 12 kg. per sq. centimetre. 
Foils were packed in a tank filled with 
solid carbon dioxide, and the tests for 
brittleness were carried out at tempera- 
tures +20 degrees C. and —60 degrees C. 
under tensile loading and under condi- 
tions of alternate bending. Tensile tests 
were carried out with an instrument 
simulating service conditions. With 
uncemented foils total elongation dropped 
from 1,000 per cent. at +20 degrees C. 
to 100 per cent. at —20 degrees C. In 
the case of cemented foils, strength at 
elongation values at room temperatures 
were lower, due to stress concentration, 
notched effect and greater rigidity at the 
cemented bases. Alternating bending 
tests with uncemented foils loaded to 
3 a.g. per centimetre and bent over rollers 
5 mm. in dia. showed that values dropped 
abruptly from 200 to 1 in the interval 
from —18 degrees C. to —20 degrees C. 
Investigation of thermal conductivity 
phenomena is discussed by Gottwald in 
‘“ Arch. Techn. Mess.,’’ 1943, No. 143, 
p. 58. The author describes what he 
terms static and non-static measuring sys- 
tems, and demonstrates that only by static 
systems can a direct measurement of ther- 
mal conductivity be obtained. It is 
pointed out that static measurements are 
highly accurate but tedious. Instruments 
operating on this principle are described. 
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New plastic, re- 
ferred to as 
‘*Emeloid,’? is  an- 
nounced by the 
Emeloid Co., 287, 
Laurel Ark, Arling- 
ton, New York. 
Hardness, toughness, 
and electrical _pro- 
perties are, it is stated, capable of wide 
variation to meet special requirements, 
ana the material is available in clear or 
coloured form. Several grades are pro- 
duced and it is possible to bend, mould, 
saw, punch, machine and print suitable 
types of this material. Its specific gravity 
is low. The producers state that this plas- 
tic is ideal for the fabrication of light- 
weight, dimensionally stable, and accurate 
calculating instruments, ranging from 
small slide rules up to the most compli- 
cated artillery and marine charting and 
calculating apparatus. Mechanism of 
formation of phenolic resins is discussed 
by Dubrisay and Papault, Comptes 
Rendus, 1944/215/17. Soap disperser, 
designed by West Disinfecting Co. and 
produced by Gits Moulding Co., is in 
cellulose acetate; the top consisting of 
transparent acetate to permit inspection. 
The plastic moulding replaces a 
chromium - plated metal dispenser. 
(‘‘ Product Engineering,’ 1944/15/ Jan.) 
New plasticizers and softeners, consisting 
of alkyl ethers and esters of higher fatty 
acids and dicarboxylic acids have been 
made available by Glyco Products Co., 
Inc., 26, Court Street, Brooklyn. They 
are useful for compounding with coat- 
ings, adhesives, numerous plastics and 
synthetic rubbers. Low freezing point and 
very mild odour are special properties 
claimed. Full details are supplied by the 
manufacturer. Production of plastic parts 
in thermosetting resins is dealt with in a 
comparative study by Weprek in 
““ Kunststoffe,’’ 1943/33/71. The normal 
moulding process is almost universally 
applicable, particularly for the mass- 
production of thin-walled components 
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demanding no very fine limits of 
accuracy. The extrusion process is suit- 
able for long tubes, bar and sections, 
whilst injection moulding is ideal where 
great dimensional accuracy is required. 
For attainment of very high dimensional 
accuracy, particularly with complicated 
sections, a new moulding process, with 
accelerated mould closure, is described. 
Corrosion of metals by plastic mouldings 
has recently been investigated by Wieder- 
holt (‘‘ Kunststoffe,’’ 1943/33/67). Analy- 
sis of the plastics used has shown that, in 
general, corrosion phenomena are not to 
be expected; only by the leaching out of 
water soluble constituents can cherhical 
action be initiated. For this reason the 
occurrence of free ammonium salts is to 
be rigidly avoided, as much of the metal 
with which the plastic will come into con- 
tact will probably be of brass. In certain 
instances, prolonged curing at maximum 
possible temperature is alone a safeguard 
against this danger. Phenol, cresol, 
formaldehyde, formic acid, oxalic acid, 
acetic acid and ammonium salts may all 
occur in mouldings in unsatisfactory cir- 
cumstances, and all can cause trouble. 
**Crystalite’’ moulding powders, pro- 
duced by the American Rohm and Hass 
Co., have been renamed “ Plexiglass ’”’ 
moulding powders, in order to avoid mis- 
understanding and to achieve some degree 
of standardization in nomenciature. 
Lumarith plastics form the subject of a 
new folder recently issued by the Celanese 
Celluloid Co. Applications, properties 
and types of these materials are summar- 
ized and data on the production of fin- 
ished parts and products are tabulated. 
Design and construction of name plates, 
date plates and instruction labels is dis- 
cussed by Greve in a recent number of °* 
‘“Machine Design.’’ Metals, vitreous 
enamel and glass are considered, together 
with laminated phenolic sheet and plates 
moulded from thermosetting resin. Injec- 
tion moulding mass, consisting of 85-95 
per cent. polymethylmethacrylate and 
15-5 per cent. polystyrene, forms the 
subject of Italian patent 392,476 (addition 
to Italian patent 378,999), granted to 
R6hn and Haas, G.m.b.H., Darnstadt. 
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Fact and Fancy 
in Modern Plastics Design 


Guide to Modern 
Practice in Ther- 
mosetting Resins, 
after Tschudi 
(‘‘ Schweizer 
Archiv,” 1943/ 
9/360) 





Fig. 1. — Percentage 
elongation in relation- 
ship to time for 
H.POS test piece (see 
Table 1) according 
to sketch super- 
imposed on diagram. 
Extension curves are 
shown both for in- 
creasing and decreas- 
ing loads. 


Elongation 


URING the past 20 years the uses of 

thermosetting resins for technical 
and domestic purposes have greatly 
increased. Round about 1925 appeared 
the first rapid moulding resin, by means 
of which production from a single mould 
was trebled. During 1929-1930 came the 
urea resins, which could be obtained in 
bright, fast colours and hence permitted 
the production of both white and coloured 
goods. From that time onwards quality 
and uniformity of plastic products have 
continued to improve. 

Originally, in the sphere of electro- 
technology, the first property desired of a 
plastic was a definite insulating value, 
which, if required, could be maintained 
under specified conditions as to heating, 
moisture, dust deposition, etc. As the 
field of application expanded so also 
requirements increased, and thus the line 
of development changed from the produc- 
tion of plastics designed for use merely in 
special presses to the evolution of types 
of resin of predetermined properties. 

In the following discussion reference 
will be made only to five of the more 
important materials which were recently 
made the subject of Swiss standards (see 
Table 1). As to the various properties of 


these resins, we now have at our disposal 
the results of some years’ experience, 
together with ample literature. In most 
recent scientific papers, however, very 
detailed masses of tabular. matter have 
been presented without indicating that the 
values given are only valid under certain 
definite conditions. This deficiency must 
not be allowed to persist in the post-war 
period, if, with a vastly extended con- 
sumption field for plastics, misguided uses 
of these materials are to be avoided. 

The ordinary mechanical properties are 


_ measured on test pieces pressed in special 


moulds. The forms of the test pieces 
designed for tensile, compression and 
other tests do not correspond to those 
used for other materials, hence direct 
comparison of properties between different 
groups of materials is rendered difficult. 
The mouldings themselves are often of so 
varied and complicated a form that uni- 
form pressure or moulding temperature 
can rarely be guaranteed throughout the 
mass, thus the strength at any given point 
in a moulding will often be dependent on 
the shape of the work, and will also cer- 
tainly not tally with the figure obtained 
for a test piece. 

The five types of plastic examined in 
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this report are, as may be seen from 


Table 1, remarkably brittle and notch 
sensitive; qualities which made the pre- 
paration of perfect test bars quite 
difficult. 

In deciding for or against the use of a 
plastic for any particular job it is import- 
ant to know the limitations of the material 
in order to avoid making mistakes. In 
most cases limitations include such quali- 
ties as low bend strength or compressive 
strength, whilst, in use, lack of ductility 
may always prove a serious drawback. 
As regards elongation under static tensile 
loading, very few values have so far been 
published. In the case of all thermoset- 
ting moulding compositions, elongation 
values lie below 1 per cent., and may be 
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Fig. 2.—Alteration in length of a test bar 
as a result of prolonged application of heat. 


measured only with special apparatus. 
With rapid application of load, elongation 
increases in linear relationship until 
breaking load is reached. The greater the 
time, however, a tensile load is allowed 
to work upon the material, the more 
significant becomes creep in relationship 
to true elastic extension. 

For example, if after the application 
of a load the elongation be measured for 
an interval of one minute, then if the load 
be maintained for 120 hours it would be 
found that the elongation as first obtained 
is increased by about 50 per cent. It 
should be noted, too, that creep is quite 
detectable even under low loads. Similar 
phenomena occur under long-continued 
compressive loads and may prove some- 
what disadvantageous in the case of screw 
joints in these materials. 
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Fig. 3.—Three dimensional diagrams show- 

ing resultant influence of simultaneous 

application of various conditions to a 

plastic, upon apparent linear dimensional 
changes. 


However, the effect of time on the test 
figures is far less than that of tempera- 
ture. With increasing temperature, creep 
suffers a marked increase. Unless other- 
wise stated, tabular data refer to tem- 
peratures within the range 20-25 degrees 
C. The upper temperature limit for the 
use of any of these materials is set by the 
organic origin of the resin itself and is 
influenced by the nature of the filler 
employed with it. In the case of 
inorganic. fillers the upper temperature 
limit is at least as high as that for the 
unfilled resin, whilst in the case of organic 
fillers it usually lies lower. 

For very short periods the plastic may 
be subjected to thermal loads approach- 
ing its decomposition point; that is, to a 
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Fig. 4.—Curves for the determination of 

maximum permissible working tempera- 

tures in extreme climates for various 
types of plastic (see Table 1). 
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temperature at which inflammable gases 
commence to be evolved from the mass. 
In German industrial standards the top 
working temperature is fixed thus: after 
a material has been heated for 200 hours 
to a given temperature and cooled 
down again to room temperature, then 
bend strength and impact bend strength 
shall not have decreased by more than 10 
per cent. from those values obtained for 
the plastic tested in its original condition. 
In the suggested Swiss specifications 
similar minimum values are given 
(Table 2). 

On long-continued heating there is 
observed, even for temperatures below the 
fixed maximum for continuous operation, 
a contraction in the moulding. This con- 
traction process takes place the more 
rapidly the higher the temperature, and 
ceases when equilibrium conditions are 
reached. In the normal course of manu- 
facture, curing of the resin and drying of 
fillers are rarely entirely complete. This 
condition may be countered by increasing 
the moulding time, or by a process of 
subsequent mild heat treatment. Even 
prolonged heating at only 80 degrees C. 
(Fig. 2) can lead to shrinkage, and in the 
case of a rigidly clamped rod, this, on 
subsequent cooling, may result in the 
imposition of .stresses sufficient to cause 
fracture. The fact that, in practice, few 
failures occur in this way is to be 
attributed to creep taking place and 
releasing stresses which might otherwise 
arise on account of pure elastic extension, 
and, as stated before, the higher the tem- 
perature the more likely is creep to take 
place. 

The thermal conductivity of plastics is 
small; their thermal expansivity, on the 
other hand, is considerable, being about 
four times that of metals. These facts 
are responsible for troubles experienced 
under conditions of heat exchange, par- 
ticularly in massive sections where altera- 
tions in external temperature are fol- 
lowed only slowly by similar alterations 
in the interior, hence internal stresses 
arise. 

If mouldings be firmly fixed to metal 
bases, or if metal parts be moulded in to 
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plastics, differences in thermal expansivit 
between the metal and the non-metal mus 
be taken into account when designing. 
From what has been said in a previous 
paragraph, it is clear that all rapid 
changes of temperature may be danger- 
ous; the effect of sudden cooling of a 
moulding, for example, results in thermal 
stresses arising in the outer layer, which 
may exceed the elastic limit of the 
material, hence hair cracks make their 
appearance. These in turn function as 
notches, and an already low impact 
strength is rendered even lower. 

The chemical properties can be dealt 
with only very briefly here. The thermo- 
setting resins are, to all intents and pur- 
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Fig. 5.—Black areas in the above sketches 
represent plastic components forming the 
stuffing box in a steel hydraulic-pump 
assembly. The use of plastic in this con- 
nection in place of bronze eliminated the 
danger previously experienced of bi- 
metallic corrosion. No difficulty was 
found in removing the plastic unit when 
; required. 


poses, insoluble in all organic solvents 
and water. Solutions of salts, dilute acids 
and alkalis, in most cases, attack them 
either little or not at all. Chemical attack 
in the case of a moulding will naturally 
vary in degree, according to the percent- 
age of resin and filler, and according to 
the type of filler used. In the case of 
water solutions, the effect of the solvent 
itself is often principally to be feared— 
that is, if the moulding itself be markedly 
hydroscopic. The resin constituent of the 
plastic, more particularly in the case of 
the phenolics, takes up very little water. 
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Organic fillers, on the other hand, such 
as woodflour or cellulose fibres, are 
strongly absorbent. Water absorption, 
therefore, is related, above all, to the 
nature and quantity of the filler 
(Table 3). 

Water absorption is intimately asso- 





Fig. 6.—Cross-sections and part view at one 
end of a handrail solid-moulded in a urea 
resin. This design is somewhat unsound 
and requires reinforcement with steel wire, 
as shown in the cross-sections, in order to 
give sufficient strength at the bend. 


ciated with swelling; this reaches a fixed 
value after some months’ immersion in 
water at room temperature. Linear swell- 
ing for H.PAF may be 0.4 per cent. ; for 
H.POP it may be 1.8-2 per cent. In 
normal conditions, that is at about 20 
degrees C. and with a relative humidity 
of 65 per cent., slight swelling is already 
detectable in a thermosetting resin; in 
other words, it possesses already a definite 
water content. This may arise either 
through moisture originally held in the 
filler, or as a result of that produced 
during the condensation reaction in the 
moulding process. It is possible that 
immediately after moulding the plastic 
may contain little water, but will attain 
equilibrium with atmospheric conditions 
only after some period of exposure to the 
air. 

After complete curing by a mild heat 
treatment process it may be considered, in 
general, that the greater part of the 
““chemical’’ water will be driven off, 
together with that absorbed by the filler, 
i.e., the ‘“‘mechanical’’ water. Never- 
theless, the hygroscopic quality of the 
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filler will, in general, be but little 
decreased ; thus re-exposure to the air will 
result in re-absorption of water. 

High or low absolute humidity in the 
air will correspond always to a certain 
moisture content in the resin, this content 
depending on the partial pressure of the 
water content in the external atmosphere 
and the vapour pressure in the interior 
of the plastic (Table 4). If humidity 
increases with temperature remaining con- 
stant, hygroscopic bodies take up water; 
this also happens if humidity remains con- 
stant and the temperature falls. Varia- 
tions of this type are typical for moist, 
warm living rooms, toilets and so on. On 
the cold water pipes and fittings of these 
rooms condensation is very marked, and 
any plastics mounted in such situations 
invariably show signs of swelling. 

Rapid changes in external humidity are 
just as dangerous as rapid changes in 
external temperature. If rapid drying 
follows prolonged exposure to moisture, 
shrinkage takes place from the outer 
layers of the plastic before the interior can 
attain equilibrium; hence stress gradients 
are set up, the magnitude of which is pro- 
portional to the section _ thickness. 





Fig. 7.—Plugs for electric iron. That at 
che left is all-plastic construction, and was 
frequently destroyed in use as a result of 
charring. THe difficulty was overcome by 
the use of plastics and ceramic together, 
as shown in the new design at the right. 
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Designers who wish their work to with- 
stand the effects of sudden changes in 
climate must strive to attain maximum 
uniformity and minimum thickness of 
section, aspects which are just as import- 
ant as adherence to whatever specific 
figures must be complied with by the 
moulding. 

It has been customary, until the 
present day, to test plastics and express 
the results of the examination in such a 
way that individual facts are, as far 
as possible, isolated and _ disturbing 
influences eliminated. Unfortunately, in 
practice, conditions are not as simple as 
this and exact measurements are often 
extremely difficult. However, by selec- 
tion of a suitable 
design, or by modi- 
fication of design, 
difficulties experi- 
enced with mater- 
ials of the ordinary 
type can often be 
overcome. For 
example, an assem- 
bly will consist, 
as a rule, of more 
than one material, 


hence joints _ be- 
tween a_ plastic 
component and 


metal parts are so designed that slight 
alterations in volume can take place. 

In the complex loadings which occur in 
practice, it is, perhaps, fortunate that the 
sum total of the various factors emerges 
at a not unfavourable level. Thus, in the 
evolution of a design, trial should first be 
made to ascertain the resultant of the 
factors likely to be effective, and to 
determine, simultaneously, the limits 
within which the designer may be given 
rein or, conversely, where extra pre- 
cautions must be taken. 

The brittleness of the thermosetting 
plastics must be borne pre-eminently in 
mind. Where dry cold is encountered, 
shrinkage on cooling takes place only 
slowly. If exposure to moist cold be 
encountered, the initial shrinkage taking 
place on cooling is followed by slow 
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on the resins used. 
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swelling. In continually moist and warm 
environments, swelling and_ thermal 
expansion are, in part, counterbalanced 
by ageing; the greatest stressing occurs at 
the commencement of exposure. In very 
hot, dry rooms the initial thermal expan- 
sion is quickly masked by the combined 
effects of shrinkage on ageing and shrink- 
age as a result of loss of moisture; 
stresses, therefore, reach a maximum 
when the moulding in question is once 
again cooled down to normal temperature. 
It is quite possible to define the 
dimensional variations for all types of 
materials exposed to all environments on 
a three dimensional co-ordinate system to 
give a contour, the form of which slowly 
changes with in- 
creasing time of 
application of a 
stress until equili- 





brium _ conditions 
are reached. If it 
be possible to 
determine, for 
given times and 
Fig. 8.—Structural details of lamp sockets conditions, ramps 
(designed for use in railway carriages) sponding total 
moulded in plastic and so shaped as to elongations, then 


the total field of 
application of the 
material in ques- 
tion can be defined with some certainty. 

As an upper working limit for tem- 
perature, the maximum working tem- 
perature as laid down in the specification 
may be selected. A somewhat simpler 
method of application of this system is 
shown in Fig. 4. 

To conclude this account, a few illus- 
trations will be taken from practice to 
show the technical applications of these 
considerations : — 

Large open containers in material 
H.POP were required for the purpose of 
holding ordinary tap water at room 
temperature. After some months of use 
it became obvious that the choice of this 
material was not altogether wise. Cracks 
appeared at the corners and bulging of 
the sides took place. Now, in this case, 
moisture was acting for a prolonged 
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Table 1.—Mechanical Properties of Plastics Investigated. 








Tensile Compressed Bend Impact Vicker 
Resi Fille Designa- | strength | Elonga- strength strength strength fcr . 
wee es tion kg./mm.2] tion % kg./mm.2 kg./mm.2] cm. kg./cm.2 ne - 
(min.) (min.) (min.) (min.) ” 
Phenolic Wood flour H.POP 3.5 18 7 3 30 
Phenolic Organic fibre H.POF 4 Under 14 6 5 30 
Phenolic Textile chips H.POS 4 0.5 in all 14 6 10 30 
Phenolic Asbestos fibre H.PAF 2.5 cases 12 5 2 40 
Urea .. Wood flour or H.COP 5 20 7 3 45 
cellulose powder 





























period on the interior surfaces only of the 
moulding, hence stress gradients arose 
between the inner and outer walls, as well 
as at the junction between the water level 
and the surfaces above and below this 
point. 

A stuffing box in H.POS had been 
selected in place of a bronze in an 
hydraulic assembly; in this way electro- 
lytic corrosion of the steel parts of the 
pump was avoided. However, when it 
was required to renew the packing, slight 
swelling of the plastic box had caused it 
to seize to the steel. The water, there- 
fore, was drained from the cylinder, and 
the neighbourhood of the stuffing box 
warmed up with a blow-lamp. This 
caused rapid shrinkage of the plastic part, 
which could then be removed. 

During the depression, plugs for electric 
irons were commonly made of a cheap 
moulding material of the type H.POP. 
Heating of the material in direct contact 
with the iron was much higher than was 
indicated by ordinary measurement. 
Moreover, quite apart from the low 
thermal conductivity of the plastic, its 
dark colour favoured rapid heat absorp- 
tion, until it attained a temperature 


approaching that of the iron itself, hence 
charring occurred. Change over to 
material of type H.PAF gave some slight 
improvement, but still not altogether 
satisfactory results. The incorporation of 
a ceramic component in the plug gave a 
perfectly satisfactory and long-lasting 
component. 

Urea-resin mouldings, so _ generally 
favoured for various domestic purposes, 
have not yet been subjected to sufficient 
testing in tropical climates for any sound 
judgment as to their serviceability to be 
given. White mouldings, as used for tele- 
phone receivers and light switches, and 
similarly relatively massive mouldings 
exposed to tropical conditions, may 
exhibit, after some time, hair cracks, 
which soon become filled with dirt and 
acquire a most unsightly appearance. 

A hand rail of heavy cross-section in 
a urea resin was designed for use in a 
well-heated and, in winter, very dry 
room. No very exacting service tests 
were carried out beforehand, and after 
some time stressed parts of the unit began 
to show fine hair cracks, which, quite 
apart from marring the general appear- 
ance of the work, also seriously lowered 


Table 2.—Maximum Continuous Working Temperatures for Resins Investigated. 











Temperatures giving 10% loss 
Designation Decomposition Maximum continuous working temperature. in strength after 200 hours 
temperature Degrees C. heating with subsequent cool- 
ing to room temperature. 
Degrees C, g Impact 
sa a Switzerland Germany U.S.A. Bend strength strength 
H.POP 250 100 100 175 135°C, 130°C. 
H.POF 250 100 100 — 100°C, 125°C 
H.POS 250 100 100 120-175 100°C 125°C 
H.PAF 300 150 150 230 215°C, 215°C 
5 200 90°C 
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its mechanical strength. As a result of 
this it was found necessary to reinforce 
the component by moulding-in a wire 
stiffener; the user having turned down a 
suggestion that a hollow moulding in two 
parts should be employed, this being, in 
fact, the real solution to the problem. 


Table 3.—Water Absorption per 100 sq. 
ems. of surface immersion for 7 days in 
water at 20°C. 





Pnenolic resin unfilled | 30 mg. 
H.POP .. a .. | 200 mg 
H.POF 500 mg 
H.POS 450 mg 
H.PAF 40 mg 
H.COP 250 mg 





For some 10 years past the heavy 
ceramic lamp sockets, widely used in 
bathrooms and the like, have been 
successfully replaced by others in H.COP. 
The possibilities of weight saving shown 
here were appreciated by railway coach- 
builders, who followed with interest the 
successful use of the plastic component for 
domestic purposes. An unsuspected diffi- 
culty, however, now appeared. As a 
result of the increased danger of breakage 
in service, the lamp socket for railway 
use was sunk farther into the plastic 
mounting than usual; furthermore, the 
lamp was kept constantly burning tor 
many hours on end, with the result that 
the plastic in the immediate neighbour- 
hood soon acquired an unreasonably high 
temperature. The design of the com- 
ponent prevented cooling by convection, 
whilst the plastic itself, being a power 
conductor of heat, fell victim to marked 
temperature gradients across its section, 
with the inevitable production of shrink- 
age cracks. To avoid trouble, that part 
of the component most exposed to heat 


Table 5.—Alteration in Length % 
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was subsequently moulded in H.PAF, th: 
remainder being moulded as before in « 
perfectly satisfactory urea resin. 

It will be observed from the foregoing 
account that possibilities and limitations 
in designing are here based on plastic 
types at present available. Thus, it will 
be manifest that not only must the 
thought of using plastics for certain jobs 
be abandoned in favour of more suitable 
materials, but that, if for any particular 
reasons plastics have to be used, then the 
compromise,’’ which we have indicated 


“e 


as so often necessary, may entail irritat- 


ing disadvantages. For example, in many 
light electrical fittings, such as domestic 
switches, the use of plastic covers is on 
every ground to be recommended, but 
should the switch be placed near to floor 


Table 4.—Water lost % after drying over 
CaClz at 40°C. for 100 days. 





H.POP .. | 0.83 

H.POF .. | 0.32 - 
H.POS Not measured 
H.PAF 0.12 

H.COP 1.45 





level, then the low impact value of these 
materials tends to make the component 
very prone to accidental breakage. 

It must be remembered, however, that 
modern advances in plastic manufacture, 
particularly with respect to choice and 
type of fillers, is tending gradually to 
eliminate these weak spots; impact resist- 
ant mouldings in phenolic resin, for 
instance, are now being successfully pro- 
duced, and these, even in quite thin 
section, are capable of withstanding rea- 
sonably heavy hammer blows. What is 
ill-advised or impossible to-day may, 
to-morrow, well represent the choice of 
every wise designer. 


of H.POP after reaching Equilibrium Condition in 





Air at Different Temperatures and Degrees of Humidity. 








om = Length variation % after re- Thermal Length variation with 
Humidity —— bes aa exposure to environment at expansion variation of water con- 
” witli in length ‘/ 20°C. and 65% relative humidity | (linear) % | tent of the moulding %, 
_ 20 0.49 (shrink) — — 0.49 (shrink) 
_ 33 0.4 (shrink) — 0.05 0.45 (shrink) 
~ 105 1.05 (shrink) 0.63 (shrink) 0.34 0.76 (shrink) 
100 20 0.51 (expansion) — — 0.51 (expansion) 
100 33 0.60 (expansion) —- 0.05 0.55 (expansion) 
100 75 0.78 (expansion) 0.47 (shrink) 0.22 1.03 (expansion) 
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The Characteristics of 
the Phenolic Laminates 


Notes on the Mechanical and Physical Properties 
of Modern Laminations for the Guidance of 
the Plastic-using Engineering Industries. 


|S the engineering field plastics have 
now established themselves as essential 
materials. For load or stress bearing 
members, however, the only group of 
plastics which are, at the present stage of 
development, of interest to engineers 
are the laminates, and in particular the 
phenolic laminates. In this article it is 
proposed to examine those characteristics 
which are peculiar to the group of plastics 
in an endeavour to give those who use 
them a clear picture of their properties, 
thus enabling designs to be prepared with 
a reasonably accurate prediction of per- 
formance in service. 

Before going into detail regarding their 
behaviour under various conditions the 
methods used in their manufacture will 
be described in simple terms. 


Manufacture 


The phenolic laminates are built up 
from sheets of paper or fabric which 
have been impregnated with phenol- 
formaldehyde resin. The impregnated 
sheets are then bonded together under 
heat and pressure. 

The phenolic resin is prepared by 
reacting together under controlled con- 
ditions phenol and formaldehyde in the 
presence of a catalyst. 

The stages in the manufacture of the 
sheet are as follow:— 

(1) Paper is passed from a roll 
through a drying chamber. 

(2) The dried paper is _ passed 
through a bath containing an alcoholic 
solution of phenol-formaldehyde resin. 

(3) The soaked paper then passes 
between a series of squeezing rolls 
which determine the percentage of 

resin left in the paper. (The import- 
ance of this will be discussed later. ) 


BY 
D. WARBURTON BROWN, 


A.M.1.A.E. 


(4) The soaked paper then passes 
through the drying chambers where the 
solvent is dried out and recovered. 

(5) The impregnated paper is col- 
lected on a roll. 

In order to produce paper base 
laminated sheet the impregnated paper 
is cut into standard sized squares which 
are built up into packs. The number of 
sheets in the pack is determined by the 
required thickness of the finished sheet. 
The pack is then placed between the 
heated plates of a press and subjected 
to heat and pressure, which causes the 
resin first to flow and then to polymerize 
into an insoluble whole. In this manner 
the sheets are bonded together to form 
the laminated plastic material which is 
now familiar to most engineers. 


Mechanical Properties 


It is important that engineers should 
be familiar with the mechanical proper- 
ties of. the plastics which they propose to 
use. Nevertheless the available data 
which is published in respect of the 
various available commercial laminates 
should be treated only as a guide since 
plastics exhibit certain characteristics 
which are peculiar to this type of 
material, and which are not encountered 
when dealing with metals. For example, 
the effect of temperature upon physical 
properties is more marked, and creep will 
occur even at normal temperatures and 
under low stress conditions. 

Too much stress cannot be laid upon 
the fact that designers must treat plastics 
upon their own merits and not as substi- 
tute materials. Correctly applied they 


have much which is attractive to offer 
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to the engineer, incorrect application 
results only in failure and disappoint- 
ment. 

One of the main reasons for the lack 
of accurate information is the fact that 
owing to absence of understanding as 
to the nature of plastics no really satis- 
factory set of testing methods has yet 
been evolved. This is due primarily to 
the infancy of the industry and the posi- 
tion is now more fully understood and the 
question is at present receiving a great 
deal of thought. Once satisfactory tests 
have been evolved and the correct inter- 
pretation put upon test results the future 
of engineering plastics will be secure. 

In Tables 1 and 2 will be found pub- 
lished data covering commercial laminates 
of the paper and fabric base types. In 
subsequent sections of this article it will 
be shown that these do not represent a 
reliable criterion upon which to base 
design, and the other factors affecting the 
issue will be discussed. 

The values shown in the two tables 
vary between fairly wide limits, and 





TABLE 1 


Properties of Phenol-formaldehyde 
Paper-base Laminates 


Specific gravity 1.30— 1.40 
Specific volume (cu. 

ins./lb.) 21.30—19.10 
Tensile strength (tons/ 

sq. in.) 3.12— 8.00 


Modulus of elasticity 
(tons/sq. in. x 10°) 
Compressive strength 


4.00—20.00 


(tons/sq. in.) bes 9.00—17.80 
Flexual strength (tons/ 

sq. in.) oe 5.80—13.40 
Impact strength (ft. / 

Ib.) . 0.30— 3.80 
Thermal expansion 


(ins./in./°C.) 


Max. operating tem- 


-000017— 000025 


perature °C. 212—300 
Thermal conductivity 

(cals./sec./cm.?/° c. 

/cm.) : -0005—.0008 
Water absorption (%, fy 

in 24 hours) 9.00 
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TABLE 2 


Properties of Phenol-formaldehyde 
Fabric-base Laminates 
Specific gravity 1.30— 1.40 
Specific. volume (cu. 
ins./lb.) 
—s <a (tons/ 
sq. in.) F 
sesditen of elasticity 


21.30—19.10 


3.56— 6.70 


(tons/sq. in. x 105) 3.50—15.00 
Compressive strength 

(tons/sq. in.) - 9.00—19.60 
Flexual strength (tons/ 

sq. in.) ; 5.80—13.40 
Impact strength (ft./ 

MD); se ae 0.80— 8.00 
Thermal expansion 


(ins./in./°C.) -000017—.000030 


Max. operating tem- 
perature °C. x 212—350 
Thermal conductivity 
(cals./sec./cm.?/°C. 
/cm.) -0005—.0008 


Water absorption ( 9%, 


in 24 hours) 0.30— 9.00 





represent the maximum and minimum 
values which are likely to be encountered 
in ordinary commercial laminates. The 
physical properties can be altered to a 
marked degree by altering the type of 
resin, the quantity of resin, the type of 
reinforcing agent, and the methods used 
in the manufacture of the material. 


Effect of Resin Content Upon Physical 
Properties 


In the foregoing section it was pointed 
out that the physical properties of the 
finished laminate could be varied by 
adjusting the percentage of resin in the 
material. It is now proposed briefly to 
examine the influence of this factor which, 
though of more interest to the manufac- 
turer than the user, should be appreciated 
by the latter. 

Figs.'1 to 5 respectively show the 
influence of resin content upon specific 
gravity, tensile strength, Young’s Modu- 
lus, compressive and shear strengths. 
Apart from noting this possible cause of 
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Fig. 1.—Influence of resin content on 
density of laminates. 























10 





fe) 20 40 60 80 
RESIN CONTENT % (BY VOL.)—> 





] 


ss 





T 
} 
T 


~ 


TENSILE STRENGTH (TONS/O")—o 
o o 


it 4 


NI 
An 


20 40 60 80 
RESIN CONTENT ¥% (8Y WT )—> 


Fig. 2.—Influence of resin content on 
tensile strength. 
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varying physical properties little more 
need be said at present. 


Creep and Cold Flow 

Unlike metals which have a crystalline 
structure, plastics, due to their amor- 
phous structure, do not exhibit a marked 
yield point but rather tend to creep. This 
creep is evident even under conditions of 
low stress and at normal temperatures. 
In metals creep only assumes significance 
at elevated temperatures. It is important, 
therefore, that engineers contemplating 
the use of laminates for stressed members 
should take into account the creep factor. 

When subjected to load a laminated 
member will at first deform rapidly, the 
tate of deformation slowing down until 
a more or less constant rate of deforma- 
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Fig. 4.—Influence of resin content on 
compressive strength. 


tion is reached. A typical time/deforma- 
tion curve is shown in Fig. 6, from which 
it will be seen that similar conditions pre- 
vail after the removal of the load—that 
is, a rapid initial recovery, followed by a 
slow return to normal. It will be appre- 
ciated that there is a hysteresis effect, and 
this should be borne in mind when design- 
ing stressed parts. In order to make 
allowance for this factor it is necessary to 
have some knowledge of the “creep 
strength ’’ of the material in question. In 
order to define creep strength it is neces- 
sary to have some knowledge of the 
permissible rate of elongation or deforma- 
tion in relation to a given time. Based 
on experiments carried out by Continental 
investigators on paper-base laminates, it 
has been found that over a period of 
100 hours the permissible rate of deforma- 
tion is .0005 per cent. per hour. Data 
relating to the creep strength of various 
paper-base laminates is given in Table 3, 
from which it will be seen that the safe 
creep loading is some 25 to 30 per cent. 
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Fig. 5.—Influence of resin content on 
shear strength of laminates. 


of the ultimate tensile strength of the 
material. 

If the load applied to the plastic 
exceeds a certain value, deformation 
under creep conditions will proceed until 
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strength curve for a paper-base phenolic 
laminate. 


Fatigue Properties of Phenolic 
Laminates 

It is of primary importance that 
engineers should be in possession of data 
relating to the fatigue properties of any 
material which is to be used for com- 
ponents subjected to alternating stresses 
or vibration. Unfortunately, only a 
limited amount of work has been carried 
out on the subject of the fatigue properties 
of the laminated plastic materials. Such 
information as is available will be dis- 
cussed in this section of this article and 
will enable some idea to be gained of 
the fatigue characteristics of the laminated 
phenolics. 


Table 3.—Creep-strength Data for Paper-base Laminates (Phenolic). 



































Material Data Ult. Tensile Str. Creep Str. Creep 

(Type of Paper Used) tons/sq. in. tons ‘sq. in. Factor 

-04-in. cellulose paper strips 12.90 4.45 345 

.02-in. dried paper strips ... 13.80 3.80 275 

Hardened commercial paper 8.35 1.85 225 
Table 4.—Static-strength Data for Laminated Phenolics. 

Material —— Se ae 
Paper-base Type I 12.90 7.30 56 
Paper-base Type II 12.90 7.35 .56 
Fabric-base (40% resin) 12.90 7.42 575 
Fabric-base (50% resin) 9.30 7.15 ad 















fracture occurs. For loads below this 
value the creep will reach a limiting 
value. It is obvious, therefore, that some 
knowledgeof the limiting stress is necessary 
when designing components liable to be 
subjected to continuous loads. This limit- 
ing stress is known as the static strength 
of the material and is defined as the stress 
which can be sustained for a period of 
30 days without fracture of the material 


occurring. Static strength data relating 
to paper- and _  fabric-base phenolic 
laminates are given in Table 4, from 


which it will be seen that for safe static 
loading conditions it is necessary to multi- 
ply the ultimate tensile strength of the 
material by a factor which varies between 
.56 and .77. 
Fig. 7 






illustrates a typical static 








(a) Fatigue in Tension: 
As a result of tests carried out by Con- 
tinental investigators it was found that 
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Fig. 6.—Time deformation curve for 
laminated structure. 
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Fig. 7.—Typical static strength curve. 


on a basis of 20 million stress reversals, 
varying from zero to a value equal to 
twice the pretension on the specimen, 
that fabric-base phenolic laminates had a 
fatigue limit of + 3.60 tons per sq. in. 
as compared with + .58. The same 
investigators found that the percentage 
resin content had considerable influence 
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Fig. 8.—Comparative bending fatigue 
curves. 


appreciably great influence on the bend- 
ing fatigue limit of the materials. 

Typical bending fatigue curves for 
paper- and fabric-base phenolic laminates 
are shown in Fig. 8, and the fatigue 


Table 5.—Tension Fatigue Properties of Phenolic Materials. 





Type of Material 


Tension Fatigue Limit (tons/sq. in.) 





Cast phenolic (unfilled) 
Woodflour-filled phenolic 


Cellulose fibre-filled (long) phenolic 


Paper-base laminate 
Fabric-base laminate ... 


+ .58 
+ 1.80 
+3.12 
+ 3.40 
+ 3.60 


Table 6.—Bending Fatigue Properties of Phenolic Laminates. 





Material 


Binding Fatigue Limit (ton/sq. in.) 





Paper-base phenolic laminate 
Fabric-base phenolic laminate 


+ 1.57 
+ 1.75 





upon the tension fatigue properties, a 
reduction of 20 per cent. in the fatigue 
limit being noted when the resin content 
of the material was increased from 40 to 
50 per cent. 

Table 5 gives data relating to the 
tension fatigue properties of fabric- and 
paper-base laminates. The fatigue limits 
of pure p.f. resin and various types of 
powder moulding materials are also given 
in order that the influence of the fillers 
can be appreciated. 


{b) Bending Fatigue: 

In a fairly comprehensive series of 
tests on phenolic materials of all types 
carried out by the author it was found 
that, unlike the case of tension fatigue, 
the effect of the filler did not have an 


limits in bending based on 10 million 
stress reversals are indicated in Table 6. 


(c) Torsional Fatigue: 

Very little data are at present available 
on the subject of the torsional fatigue 
properties of the phenolic plastics, but 
certain tests in this ‘connection were 
carried out in Germany in 1938. These 
tests were confined to woodflour-filled 
mouldings and laminates, but little is 
known regarding the results obtained 
other than that they were erratic and 
appeared to be closely associated with 
the manufacturing techniques employed. 

The woodflour-filled mouldings were 
found to behave in a similar manner to 
the homogeneous material in so far as the 
fractures occurred at an angle of 45 
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Fig. 9.—Tensile strength changes with 
increase and decrease in temperature. 
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Fig. 10.—Bending strength changes with 
change in temperature. 


degrees, but in the case of the laminates 
no definite fractures were discernible 
owing to the tendency for the material to 
delaminate prior to fracture. 


Temperature Effects 

The effect of temperature upon the 
physical properties of plastics is consider- 
ably more marked than in the case of 
metais. As has been pointed out previ- 
ously, creep can occur even at room tem- 
perature. It is important therefore that 
the engineer should be familiar with the 
influence of temperatures, both sub- 
normal and elevated, upon the mechanical 
properties of laminates if he is to use these 
materials for components operating under 
extreme temperature conditions. 

It will be seen from Fig. 9 that the 
tensile strength of both paper and fabric- 
base phenolic laminates falls off at the 
higher temperatures and increases at the 
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lower end of the scale. A similar effect is 
discernible in the case of the bending 
strength, as will be seen from Fig. 10. 
Here, however, there is a slight recovery 
between 140 degrees C. and 180 degrees C, 
which cannot be satisfactorily explained. 

The effect of temperature on impact 
strength is shown in Fig. 11. In this case 
the impact strength falls off at the lower 
temperatures which would normally be 
expected. With fabric-base laminates 
there is also a rapid decrease in impact 
strength after 100 degrees C. has been 
passed. 


Dimensional Stability and Water 
Absorption 
Another aspect relating to the use of 
laminated plastics is the tendency of these 
materials to swell and shrink with changes 
in moisture absorption. This factor is 
often of extreme importance, especially in 
cases where close tolerances have to be 
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Fig. 11.—Change in impact strength with 
temperature. 
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Fig. 12.—Change in superficial dimensions 
with resin content. 
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Some plastics offered by 


Imperial Chemical Industries Ltd. 


























POLYTHENE ‘“ Alkathene ” polymerised ethylene in 
chip form for extrusion, or as film, rod, 
sheet ort moulding powder. Also 
* Alkathene ”/Polyisobutene mixture for 
extrusion. 

METHYL * Perspex”’ sheet (clear and opal) or block 

METHACRYLATE (clear); also rod and cements. 

“ Transpex” 1 sheet for special optical 
applications. 

“Diakon” moulding powder and 
dispersions. 

* Kallodent”’ denture base materials. 

“ Kallodentine ” acrylic powder for teeth. 

POLYSTYRENE “Transpex” 2 special optical quality 
sheet. 

NYLON Nylon monofilaments for brushes, 
surgical sutures and fishing leaders. 

POLYVINYL “Corvic” polyvinyl chloride (polymer). 

CHLORIDE *Welvic ” extrusion compositions in chip 
or strip form. 

“‘Welvic”’ calendered sheet and tape. 
 Welvic” paste. 

UREA— * Mouldrite”” moulding powders and 

FORMALDEHYDE — ‘Yt™ps- 

* Mouldrite”’ gap-filling cements. 

PHENOL— “‘Mouldrite” moulding powders and 

FORMALDEHYDE = ‘*“!"s- 





Full particulars may be obtained 
from the following Sales Offices : 


Mill Hill, London, N.W.7; Oldbury, near Birmingham; 
Alderley Edge, Cheshire; Bristol; York; Newcastle-on-Tyne; 


Leicester; Bradford; Glasgow; Belfast; Dublin. 
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Monsanto 


PLASTICS 


INDUSTRY 


ICE CRYSTALS 
PHENOL HYDRATES 
PHENOL/CRESOL MIXTURES 


PIONEERS OF PURE PHENOL 


MONSANTO CHEMICALS LIMITED 
RUABON - WREXHAM - DENBIGHSHIRE 
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maintained—for example, in the case of 
bearings, etc. 

This tendency to dimensional instability 
can, to a degree, be controlled during the 
manufacture of the material, as the per- 
centage resin content has considerable 
bearing upon this factor, as will be seen 
from Fig. 12. The extreme effects of such 
dimensional movement can be seen from 
Fig. 13, which illustrates the variation in 
size on the outside diameter of a bush 
manufactured from laminated plastics. 
Considerable difficulty was experienced 
due to the bush shrinking in service, and 
tests were carried out to determine the 
extreme movement of the component and 
to compare this with a similar bush made 
from a paper-base material. It will be 
seen that the movement was considerable 
in both cases—in the fabric the maximum 
variation was .011 in. and the paper 
.0095 in., both of which fell well beyond 
the tolerances called for in the design of 
the component. From this illustration it 
will be appreciated that such possible 
movement must be taken into considera- 
tion. 

One method of increasing the dimen- 
sional stability of laminates—the Plastel 
method—consists of securing to the outer 
skin of the laminated sheet thin sheets of 
perforated metal, the perforations having 
ragged projections which project into the 
body of the plastic. By using this method 
the linear dimension change can be sub- 
stantially reduced, as will be seen from 
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Fig. 14. In the case shown the reduction 
in the percentage change in dimension was 
from .40 per cent. to .045 per cent. 

Moisture absorption can also affect the 
physical properties of phenolic laminates, 
and the possible effects are shown in 
Table 7. 

Applications 

If correctly applied there are many 
instances when the phenolic laminates can 
be used by engineers. Apart from the 
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Fig. 13.—Change in dimensions of a 
laminated bush. 


mechanical aspect these materials possess 
exceptionally good electrical insulating 
properties, and these are set out for 
typical grades of paper and fabric-base 
laminates in Table 8. For high-frequency 
work these materials are not suitable; 
for low-frequency applications, however, 
they provide an admirable insulating 
medium. 


Table 7.—Effect of Moisture Content on Physical Properties of Paper-base Phenolic Laminate. 





At 33°, 
Relative 
Humidity 


At 75% 
Relative 
Humidity 


After Immersion 
in Water to 
Constant Weight 





Tensilestrength (tons/sq. in.) 
Young’s modulus (tons/sq. in. x 10°) 


12.60 
2.20 


10.40 
1.98 


7.60 
1.75 





Table 8.—Electrical Properties of Paper and Fabric-base Laminates. 





Paper Base Fabric base 





Vol. resistivity (ohms / cm‘) 
Breakdown voltage (volts / mil) 
Dielectric constant (at 106 cycles) ... 
Power factor (at 10® cycles) ... 


10 12 


10-—10 
150—600 
4.5—7.0 
.02—.08 


10 13 
10—10 
400—1200 
3.6—5.5 
.02—.05 








PLASTICS 





REIMMERSED 
AT 125 HRS. 


BATH SAMPLES REMOVED 
FROM H,O > 70 HRS 


UNPROTECTED 
‘ FABRIC BASE 
LAMINATE 


Db 
o 








w 
i=) 


ny 
S 





PLASTEL | 
-. 





DIMENSIONAL CHANGE ¥, (LINEAR) —> 
S 














°o 








20 40 60 80 100 12Q 140 160 180 
TIME (HOURS) —> 


Fig. 14.—Effect of Plastel method in 
reducing dimensional change. 


Reverting to the mechanical aspect, 
the phenolic laminates are obtainable in 
flat sheets of thickness varying from 
.005 in. to 6.00 ins., in rods, and in tubes 
of circular or special sections. In addi- 
tion they can be satisfactorily moulded. 
In this latter connection it must be 
realized that in the case of the paper-base 
materials the amount of deformation has 
to be kept down to a minimum otherwise 
rupture of the paper will occur. If more 
complicated shapes have to be moulded 
it is usual to employ preforms. The 
fabric-base materials can, however, be 
moulded into more complex shapes 
owing to the fact that the woven fabric 
can withstand a considerable amount of 
deformation without fracture of the 
threads occurring. 

The fabric-base laminates are generally 
preferred for mechanical applications 
owing to their somewhat higher impact 
resistance. This class of laminate has 
been very successfully used in the con- 
struction of bearings for roll mills and 
similar applications. In bearing design, 
using plastics, it must be remembered 
that the heat transference is very poor 
and special attention must be paid to the 
question of lubrication and _ cooling. 
Comparatively recently tests were carried 
out in Germany on an entirely new 
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method of plastic bearing construction 
consisting of cementing very thin layers 
of fabric-base material to the journal and 
running the whole in steel shells. Noi 
only was it found that this type of bearing 
was capable of withstanding high rota- 
tional speeds such as are encountered in 
internal combustion engines, but also 
that their load-carrying capacity was 
higher than in the case of the normal 
type of bearings used for engine crank- 
shafts. Tests on a light aeroplane engine 
showed that the wrapped type of plastic 
bearings were in satisfactory condition 
after 200 hours running at 80 per cent. 
full power. This amply illustrates the 
potentialities of the laminated phenolic 
materials. 

Another sphere where laminates have 
been used with success is in their applica- 
tion to gears. Unfortunately, at the 
present time the plastics available (which 
are of the fabric-base laminate type) are 
not sufficiently strong to enable them to 
be used for small highly loaded gears, 
but in many instances, such as loom 
drives and motorcar timing gears, these 
materials are usefully employed. In this 
connection it is interesting to note that 
the noise emission from a plastic gear 
mating with a metal gear is considerably 
less than in the case of two metal gears 
running under the same conditions of 
speed and load. This is illustrated in 
Fig. 15. For application where a quiet 
drive is desirable the plastic materials 
offer definite advantages. 


Machinability 

The laminated phenolics can readily be 
machined provided certain precautions 
are taken. These are necessary owing to 
the dulling action of the materials upon 
tools and because of the poor heat con- 
ductivity peculiar to all plastics. Drilling, 
milling, turning, shaping, punching and 
grinding can all be successfully carried 
out on_ standard metal - working 
machinery. 

There are three main points which 
should be borne in mind when machining 
laminated plastics. In the first place it 
is essential that the cutting edge of the 
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Doing 
the job! 


It is not always a question of metal 
substitution. Plastics correctly adapted 
may be the right material for the job. 
Save those machining operations. Have 
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Beken ‘‘ Duplex’’ Mixers introduce the nearest 
approach to perfect mixing. The patented and 
scientifically designed intermeshing blades have 
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and a true homogeneous mix .. . and it is 
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Fig. 15.—Noise emission from steel and 
laminated gear. 


tool be maintained in a sharp condition. 
Dull tools will cause overheating and 
discoloration of the material. 

It is also advisable to reserve special 
tools for machining plastics, since, if used 
alternately for working metal and 
plastics, the metallic particles will become 
embedded in the plastic, and in electrical 
applications this will impair the insulating 
properties of the material. The special 
angles of rake and clearance can also be 
maintained if tools are set aside for the 
machining of plastics. 

The third point is that the tool should 
be kept free from swarf. This applies 
particularly when drilling and tapping 
blind holes, or when sawing where a 
clogged tool would have an adverse effect 
upon the quality of the work. Special 
clearance angles are used to overcome 
this difficulty. 

Excellent results can be obtained from 
ordinary high-speed steel tools, but for 
production purposes where long tool life 
is essential ‘‘ Stellite’’ or ‘‘ Wimet ”’ 
tipped tools should be used. If excep- 
tionally fine surface finish is desired a 
diamond tool will give very good results. 


Future Trends 
At the present time the laminated 
plastics are being employed for numerous 
mechanical applications which would, 
only a few years ago, have been deemed 
impossible. 


PLASTICS 


An increased understanding 








8 T 


Pt 
oe 

















CURING TIME (MINS.) —> 
nN b 


(C) —" 














| 
| 
| 
| 
dncdipenngiioes aol 

Re Re TE SC 

MATERIAL THICKNESS (INS ) —> 


Fig. 16.—Cure time reduction in laminates 
using H.F. heating. 
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of the properties of these materials has 
in the main been responsible for this. 
Research and development continue, and 
new facts’ and new manufacturing tech- 
niques are constantly being discovered. 
All the new knowledge and information 
which is being gained will be reflected 
in the future applications. 

Two developments of recent times 
which are of major importance and 
which will have far-reaching effects upon 
the use and application of the laminates 
are low-pressure laminating ahd the use 
of high frequency for heating during 
manufacture. A few brief notes will be 
given on each of these subjects. 

In connection with low-pressure 
laminating, it has now been established 
that the best mechanical properties are 
obtained when there is just sufficient 
resin present in the board completely to 
fill all voids which occur in the paper. 
Since the function of the pressure is to 
reduce the percentage of voids it follows 
that if the voids can be reduced before 
the impregnated sheets are pressed, sub- 
stantially lower pressures can _ be 
employed. In practice this has been 
borne out and laminated paper-base 
boards can be produced using pressures 
in the neighbourhood of 250 Ib./sq. in., 
which have superior physical properties 
to those produced by the orthodox 
methods—that is utilizing pressures of 
2,000 Ib./sq. in. or over. 
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This reduction in pressure means that 
costly hardened steel moulds are no 
longer essential. For low-pressure lami- 
nating moulds made of aluminium, wood, 
plaster of paris and other relatively soft 
metals such as unsupported zinc can be 
used in conjunction with rubber bags. 
The cost of production will obviously be 
reduced considerably. 

The use of high frequency or radio 
heating opens up a tremendous field in 
the manufacture of plastics of all types, 
but applied to laminates it means that 
very great reductions in the curing period 
can be effected. Fig. 16 illustrates 
graphically savings in curing time for 
mouldings. This is made _ possible 
because’ by using high frequency, heating 
occurs within the body of the material 
and is equally distributed throughout its 
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bulk. In the conventional hotplate heat- 
ing method the temperature has to be 
raised slowly so that the heat can pene- 
trate to the centre of the material. When 
the poor heat conductivity of plastics is 
borne in mind it will be appreciated that 
when producing thick boards presses may 
have to be tied up for hours. Using radio 
heating this time is reduced to a matter 
of minutes, which will greatly reduce pro- 
duction costs and overheads in addition 
to enabling far greater press outputs to 
be achieved. 

When low-pressure laminating and 
radio heating are fully established the 
cost of the phenolic laminates will be 
reduced, which will automatically enable 
these materials to be used for applications 
-where their present price (3s. to 7s. 6d. 
per lb.) makes their use uneconomical. 





Lectures on Plastics 


Plastics being so much in the news these 
days, we were very interested to hear of 
a series of lectures being given to the 
Sheffield Trades Technical Societies, run in 
connection with Sheffield University. 

The first, on February 14, was given at 
the University by Mr. C, R. Williams, who, 
in a two hours’ talk, gave an interesting 
account of the growth of the industry from 
1907 to the present time. Among the sub- 
jects covered by the speaker were:— 
The Manufacture of Tools or Dies, Type 
of Steel, Heat Treatment, the Theory and 
Practical Side of Modern Moulding; Charac- 
teristics of Mouldings in Various Materials; 
A Brief Outline of Materials on the Market 
and Their Relative Values. 

Mr. Williams stressed the extremely high 
pressure used in making mouldings, which 
varies from 3,000 lb. to 15,000 lb. per 
sq. in.; he also pointed out the great degree 
of accuracy one may expect in all classes 
of work. 

The second and third lectures, given by 
Mr. A. J. Buck, A.R.C.S., on February 21 
and March 7, in the Central Library, 
included the following subjects:—Theory of 
Phenol-formaldehyde Resin Formation 
(Condensation and Polymerization); Manu- 
facture of Resin, Moulding Powder, 
Laminated Sheet; and the Thermo Plastics; 
Polymethacrylates, Polystyrene, Cellulose 
Acetate. This series of lectures, given by 


responsible members of the staff of Birkbys, 
Ltd., of Liversedge, manufacturers of a very 
wide range of thermosetting plastics, should 
be most instructive. The talks are illus- 
trated with line drawings and samples. 


PRODUCTION BULLETIN 


The March, 1944, issue of Production and 
Engineering Bulletin, published by the 
Ministry of Labour, contains a number of 
interesting articles, including ‘‘ Rest 
Breaks for the Over-worked,’’ a war-time 
experiment in Merseyside providing a pre- 
ventive measure to avoid illness and break- 
down of industrial workers; ‘‘ Modifying 
Existing Factory Heaters and Ventilators,”’ 
and ‘‘ Aspects of Modern Foremanship,”’ 
wherein the foreman is regarded as manager, 
supervisor and teacher. 

In the Production Section of this issue is 
an important note on Pre-packing Warlike 
Stores. It has been shown that it is not 
sufficient for equipment and spare parts to 
be shipped rapidly; the most important 
consideration is the condition in which they 
arrive, a problem important in peacc-time 
as in war. 

Under a new scheme enormous numbers 
of spare parts are now being preserved and 
pre-packed in comparatively small cartons 
and boxes, for delivery unopened to the 
most forward ordnance units in the field. 
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PRODUCTION 
NEws 


LONDON SUPERVISORS’ DISCUSSION 
GROUP.—The next group meeting will take 
place at the Enfield Technical College, 
Queensway, Ponders End, on Monday, 
April 17, at 7 p.m., when Mr. G. R. Moxon, 
Director of Personnel Advisory Services at 
the Institute of Labour Management, will 
give a talk on the most important subject, 
‘“‘ Industrial Relations.’’ All interested in 
the Group’s discussions or in industrial 
management are invited to attend. 


COMPANY MATTERS 


ERINOID, LTD.—Mr. Albert Sadler 
has retired from the position of general 
manager of Erinoid, Ltd., but continues 
as director. Mr. John Harvey has been 
appointed general manager and took up his 
duties on April 1, 1944. 


DE LA RUE INSULATION, LTD.— 
Mr. J. Eerdmans, managing director, De La 
Rue Insulation, Ltd., and also a director 
of De La Rue Plastics, Ltd., has now been 
appointed sales director for both companies. 
This new appointment means the entire sales 
of the plastic products of these two com- 
panies, at home and abroad, will be under 
the control of Mr. Eerdmans. Mr. F. G. 
Cooke, who was general technical manager 
of De La Rue Insulation, Ltd., has now 
been appointed chief of the development 
division of De La Rue Plastics, Ltd., and 
its subsidiary companies, both in the United 
Kingdom and overseas. Mr. R. B. Harley, 
as chief chemist, will control the whole of 
the chemical research. 


RELIANCE PLASTICS, LTD., has been 
formed to carry on the business of manu- 
facturers and dealers in plastic mouldings, 
natural and synthetic plastic substances, 
etc. Mr. Fordyce C. Jones is permanent 
governing director. 


PLASTICS PROCESSES, LTD., has been 
registered with an authorized capital of 
£10,000 to carry on the business of manu- 
facturers of all plastic materials. The first 
directors are Messrs. C. W. R. Pantlin 
(chairman), Reginald Woods (managing) 


and R. H. G. Wilson. The whole of the- 


issued capital has been subscribed by F. 
McNeill and Co., roofing contractors and 
manufacturers of building materials. 
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Raw Materials, New Piant, Works 
Organization, Control Apparatus, 
Research, Personal and Trade Notes 


VINYL PRODUCTS, LTD., Carshalton, 
Surrey, inform us that they have opened 
a London office at 80, Bishopsgate, London, 
E.C.3 (telephone, London Wall 5310), 
and ask that all sales correspondence 
and inquiries should be directed to that 
office. 

We understand that the sales organiza- 
tion will be under the control of Mr. 
Vic. Verrells, who has recently joined. the 
firm. Mr. Verrells is well known in both 
the plastic and radio industries, as he was, 
until recently, export and plastic sales 
manager to Messrs. E. K. Cole, Ltd., of 
Ekco Radio, and he will be very pleased 
to hear from his old friends, both at home 
and abroad, at the above address. 


M. AND B. PLASTICS, LTD., have 
transferred their offices from Dagenham to 
38, Grosvenor Gardens, S.W.1. 


MR. E. GIBSON-KNIGHT, formerly 
director and manager of Scottish Plastics, 
Ltd., has joined the staff of B.X. Plastics, 
Ltd. 


SOCIETY MEETINGS 


Society of Chemical Industry, Plastics 
Group 

A meeting of the Plastics Group will be 
held on April 14, 1944, at 2.30 p.m., in the 
rooms of the Institute of Electrical 
Engineers, Savoy Place, Victoria Embank- 
ment, W.C.2, when a symposium will be 
held on “‘ Electrical Properties of Plastics.’’ 
The following three papers will be read: 
‘“A Survey of Thermal Plastics as Dielec- 
trics,’’ by H. <A. Nancarrow, M.Sc., 
F.Inst.P.; ‘‘ The Principles of High Fre- 
quency Heating,’’ by Dr. L. Hartshorn, 
A.M.I.E.E.; ‘‘ Tracking,’’ by E. Rushton, 
B.Sc., A.M.I.E.E. Members of the Institute 
of Electrical Engineers and of the Institute 
of Plastics have been invited to attend. 


Institute of the Plastics Industry 

On April 20, the Institute of the Plastics 
Industry is holding a meeting at the 
Waldorf Hotel, Aldwych, at 6.30 p.m., 
when Mr. D. N. Davies will read a paper 
entitled ‘‘ Polyvinylchloride.’’ Members of 
the Plastics Group are invited to attend and 
to take part in the discussion. 
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Designing for Plastic Moulding 
(Contd.) 


Continuing the discussion in the February and 
March issues, a number of the more impor- 
tant Moulded-part Design features are here 
considered, in the light of their effects upon 
economical mould design and construction 
as well as general mouldability. Some 
practical difficulties are also illustrated, 
together with indications of the methods 
adopted to avoid disadvantageous design 
features, which are the chief cause of such 
difficulties encountered in moulding practice. 


Inserts 


Y approaching designing problems 

from the angle of planning the desired 
characteristics specifically for plastic 
moulding it will usually be possible to 
exercise greater choice in respect of the 
application of insertion pieces into the 
moulded part. Thus the designer will be 
permitted to combine two or more _privi- 
ously used non-plastic parts into a single 
composite moulding by employing a num- 
ber of inserts often in widely differing 
materials other than plastics, so elimin- 
ating a considerable amount of subse- 
quent machining or assembly activities. 

In both methods of moulding, viz., 
compression or injection, and with most 
plastic materials, the inclusion of metallic 
or other articles in the form of: inserts 
during the actual moulding process is 
very conveniently possible and time 
saving. 

Such insertion members are first care- 
fully and accurately pre-positioned into 
the mould cavity prior to entry of charge 
of plastic material, and when moulding 
does occur they become surrounded with 
the material. 

The natural greater amount of contrac- 
tion of resinous or plastic materials serves 
to effect an adequate gripping or locking 
pressure upon the part thus moulded in. 
This useful feature of plastic moulding 
is utilized with great advantage in 
numerous ways by the ingenious designer 
or mould engineer seeking to improve the 
mechanical or physical qualities of a 
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moulding, or enhance finish and appear- 
ance, or to avoid expensive auxiliary 
machining or assembling operations and 
so on. Their use offers great opportuni- 
ties to the designer and even in the case 
of the most simple form of design may 
often be found to repay close study. 
There are, however, a number of essen- 
tial considerations to be borne in mind 
as it is not simply a matter of arranging 
for a small metal part to be moulded in 
without taking proper steps to ensure cor- 
rect provisions are also made both in 
mould construction and component itself. 
Whilst a very powerful grip is obtained 
by the shrinkage of material it is always 
advisable to arrange additional security 
means on the insert itself. Thus, if an 
ordinary screw is to be moulded in posi- 
tion, it will be found advisable to have 
an extra slot across the top of its head 
portion so that more material can enter, 
thus offering greater shear resistance than 
otherwise. This is illustrated clearly at A 
in Fig. 9, which shows an ordinary 
countersunk-head-type screw as moulded 
in place. The left-hand view (A) shows 
an undesirabie positioning of the screw 
insert. It will be noted that it is located 
with its head portion too close to 
edge of component, thereby leaving an 
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Fig. 9.—Moulded countersunk screw 
showing bad and good positioning. 




























APRIL, 1944 PLASTICS 
YMA tere, tpn 


yp a ; oe Telephone : REGent 4901 


io p i 
e “oy MN) MN) 
My, 


"Ny 
/] 
ir- | , 


THERE ARE MOULDINGS... . , 
AND DE LA RUE MOULDINGS 


It needs more than a good press and 


hy } 
nd , good powders to make good mouldings. : 
fx | The technique of tool production— | 

the selection of powders—the pressing 
under fully controlled conditions—all play 


| 
ed f a fundamental part in the production of Y 
iy / the final product—and only with the co- 


y 
an Y ordinated practical application of plant to y 
od 4 material, supported by Laboratory Research, y 
ad j will the finished product meet ever y 
“4 y P Y Y 


requirement. 


/ 
‘ : Technicians are always available for } 


consultation and advice. 


s y 
om /) 
. % IT IS WELL MOULDED Y 


h 
an h, IF IT’S— 
‘. 








Sales Office: IMPERIAL HOUSE: 84-86 REGENT STREET - LONDON-W-| 








190 


insufficiently thick wall over the head, 
with consequent reduced ability to resist 
endwise thrust on screw. 

Remembering the amount of the con- 
tractive force set up due to cooling and 
the resulting stresses and strains likely 
to be imposed on any insertion piece, it 
will be obvious that a substantial wall 
thickness of the plastic component should 
be maintained on all sides of insert so as to 
withstand satisfactorily both tensional and 
torsional stresses. It is somewhat difficult 
to lay down precise design rules other 
than the above which will apply to all 
cases of insert usage. 

Referring again to Fig. 9, there is 
another point to be observed in regard to 
the unsatisfactory design given in the left- 
hand view. This shows the threaded 
shank portion of screw actually contained 
in the plastic wall of component. If this 
is done it will mean that a fine stream of 
plastic material will be forced around and 
along the thread, tending to pass out 
beyond lower edge of component wall 
so adhering to the exposed portion of 
screw, thereby greatly interfering with 
the screwing together of the mating mem- 
ber and insert screw. If the thread is 
embedded in the wall there will be no 
means of sealing the thread at wall face, 
thus it will be necessary subsequently to 
remove this fine flash either by a chasing 
tool, if the part can be set up in a lathe, 
and if not by running down a button 
die. Either corrective step will prove 
expensive when large batches or com- 
plicated mouldings have to be handled. 

At B in Fig. 9 is shown an improved 
form of insert location greatly to be pre- 
ferred. It will first be noted that the 
head portion is located so as to be uni- 
formly surrounded with plastic material, 
whilst the shank portion is left plain for 
a distance well beyond lower edge of wall 
of moulded part, so blanking off any 
tendency for material to run along threads. 

The lower right-hand view shows the 
head provided with an extra slot across 
its top at right angles to normal screw- 
driver gash, thus obtaining additional 
keying and resistance to rotational move- 
ment imposed on the insert. 
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At A in Fig. 10 is shown yet another 
widely used type of insert which com- 
prises a headed collar or sleeve having the 
middle portion of its length machined 
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Fig. 10.—Two methods of securing metallic 
insert with sleeve. 


with a coarse diamond knurl again for 
purposes of securing additional keying. A 
depth of knurl not less than .015 in. 
should be employed and, of course, fairly 
coarse in pitch. 

It will also be noted that the sleeve has 
a cylindrical head, which serves effectively 
to resist endwise thrust in one direction 
only and is of very little help in resisting 
rotation relative to component. 

The right-hand cut (B) shows a con- 
siderably improved design of sleeve insert 
which will be found far more strong and 
reliable. The sleeve has an hexagonal- 
shaped head which is sunk into moulded 
wall of part. Its cylindrical shank portion 
is provided with a couple of undercuts or 
grooves. Thus the hexagonal head will 
prevent any tendency to independent 
turning whilst the two grooves will resist 
all endwise movement in either direction 
with a capacity depending upon the shear 
strength of the plastic material filling up 
the undercut grooves. 

When using a sleeve with either a 
square or hexagonal head, care should be 
taken to remove all sharp corners from 
the head as these may become the 
originating points of cracks or breaks in 
the plastic material. 

Inserts of this form are very extensively 
employed particularly in connection with 
electric and insulating components such 
as ceiling roses, fuse boxes, terminal 











44 


ther 
-om- 
x the 
ined 





| for 
ome 
in. 


airly 


has 
ively 
ction 
sting 


con- 
nsert 

and 
ynal- 
lded 
rtion 
ts or 

will 
dent 
esist 
stion 
hear 
x up 


"ee 
d be 
from 

the 
‘s in 


vely 
with 
such 
1inal 





APRIL, 1944 








PLASTIC SECTION 





\rtat 


.PLAIN PORTION 


TRIANGULAR 
~ SHANK 























PLASTICS 





191 


tion. The internal wall of the component 
is built up to form a boss so as to afford 
a surround wall for the head of the insert. 
This surround is, however, too thin to 
ensure adequate security either to head of 
screw or to preclude absence of cracks in 
material’ : 

This feature could easily be overcome 
by reducing the head of screw insert for a 
certain distance as shown in cases where it 
would be impossible or too costly to thicken 
up the wall itself. This is plainly indi- 
cated in the lower view (B), and another 
point is that effective sealing against flow 
of material along threads is afforded by 
the shoulder formed on screw at junction 
of threaded portion with knurled head. 

Care should be taken to ensure that the 





Fig. 11.—Difficulties in design created by 
unusually shaped inserts. 


plates and the like. Screws having either 
square, round or hexagonal heads are 
widely used with equal success, provided 
the above precautions are observed. 
Another important consideration to be 
kept in view when designing a component 
for the application of inserts is that all 
protruding portions thereof should be of 
tegular shape and preferably cylindrical. 
In Fig. 11 is illustrated a very unusual 
form of. insertion piece recently encoun- 
tered, which involved considerable diffi- 
culties in mould construction. This was 


due to the fact that the extending portion 


was of triangular section, as shown in the 
lower cut. In order to ensure a proper 
sealing-off of material flow so as to leave 
this triangular end clear, it was necessary 
to provide a positioning hole in the mould 
block to hold this stud. This hole had to 
be of triangular shape to match the end 
of the stud. If the shank portion had 
been cylindrical the requisite positioning 
and holding hole in mould block would 
have been machined with ease and little 
cost, instead of the many hours otherwise 
needed. 


{n Fig. 12, upper view (A) isshown yet 
another undesirable form of insert loca- 
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Fig. 12.—Change in design of undesirable 
form of insert to avoid resulting dis- 
advantages. 
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diameter and length dimensions of any 
inserts be maintained within very close 
tolerances in order that they may be 
easily placed in correct position prior to 
moulding. If such sizes are not kept 
within strict and fine limits, in the order 
of plus or minus .001 in. on diameters as 
a maximum, it may be found during pro- 
duction that faulty parts have been made 
due to incorrect positioning of inserts in 
the mould blocks arising because of their 
tightness of fit in holding holes. Thus 
production will be affected and rejects will 
increase. 

Regarding the best positioning of such 
inserts, it should be remembered that the 
most convenient location is for them to 
follow the vertical plane, as this greatly 
facilitates moulding, following, as it does, 
the fundamental direction of press ram 
stroke and mould block opening and 
closing. 

It is, of course, possible to mould-in 
inserts in the horizontal plane, but in this 
case the amount of overhang permissible 
into mould cavity should be kept short in 
order not to interfere too greatly with 
flow of material and also to avoid the 
formation of air-filled pockets or cavities, 
instead of a completely filled and homo- 
geneously moulded article. 

Long overhanging horizontally disposed 
inserts, especially if of slender diameter, 
also involve some additional means for 
giving them sufficient support, otherwise 
there is a danger that they will sag down 
and become moulded in a place somewhat 
out of true horizontal. In the case:of an 
intricate moulding this additional support 
may cause worries and difficulties for the 
mould engineer. 

When metallic inserts are employed, 
some consideration should be afforded to 
the question of the relative rates of expan- 
sion of the plastic material and insert. If 
an insert of large dimensions has to be 
employed in a material having a low 
coefficient of expansion, there may be 
such an excessive difference in their 
respective rates of expansion and shrink- 
age as to result in very severe stresses 
being imposed upon the plastic component 
» when cooling occurs, which might lead to 
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rupture or weakening by 
cracking. 

As before intimated, the use of inserts 
offers the ingenious designer almost 
unlimited opportunities for improving the 
features of a moulded article, lessening its 
production costs and avoiding a number 
of auxiliary machining operations, 
thereby permitting great economies being 
secured. In conclusion, it is once again 
emphasized that the fullest benefits will 
usually be realized only when designs are 
originated and completely developed with 
special reference to mouldability, and not 
as imitations of components in other 
materials and produced by different 
methods. 

The writer is conscious that the fore- 


reason of 


going notes do not in any way constitute : 


a perfectly orderly or exhaustive treat- 
ment of the many important subjects dealt 
with, but then that was not his main 
objective. It was rather to collect a num- 
ber of practical experiences together and 
present them so that some form of guid- 
ance might be afforded the creator of plas- 
tic moulding designs who usually is a 
non-specialist person as far as_ plastic 
moulding knowledge is concerned. His 
purpose will be well served if the latter is 
helped to realize the benefits and advan- 
tages to be derived from specially plan- 
ning moulded article designs from the 
outset specifically for moulding. Much 
more might be written along these and 
similar lines, but perhaps a later date will 
afford an opportunity for giving con- 
sideration to other related aspects of this 
subject. 


Gauge and Tool Makers’ Assoc., Ltd. 


This association announces the formation 
of a committee to foster and _ protect 
members’ export interests. The committee 
held its first meeting on March 16 and 
decided that its activities should embrace 
the products broadly represented by the 
present four sections of the association, 
namely, gauges and measuring equipment; 
jigs, fixtures and special tools; press tools; 
moulds and dies. The committee will 
operate in close collaboration with the 
Department of Overseas Trade. 
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Resinoids and Other Plastics 


as Film Formers 


By B. J. BRAJNIKOFF, 


Consulting Electrical Engineer 


XXIII.—Coating Media on Vinyl Acetate and 
Polyvinyl Alcohol Base (Contd.) 


AS may be seen from the preceding 
discussion, the first patent specifica- 
tions describe the polymerization of vinyl 
acetate under the action of the ultra- 
violet light.362 This method found no 
industrial utilization on account of the 
difficulties associated with the technique 
of the process. The thermo-polymeriza- 
tion of vinyl acetate, owing to the slow 
rate of the reaction, afforded no possi- 
bility for carrying out the process under 
conditions acceptable for industry. As 
a normal method for polymerizing the 
vinyl acetate, catalytic polymerization 
may be considered, the principal catalysts 
being the organic peroxides (viz., benzoyl 
peroxide, acetyl peroxide, acetylbenzoyl 
peroxide). Under definite operating 
conditions (e.g., polymerization in emul- 
sion), peroxide of hydrogen proved to be 
very efficient. The numerous patent 
propositions, which describe the applica- 
tion of other catalytic agents (peroxides 
of barium, lead, sodium, etc.) are of no 
practical significance. Indeed, some of 
these were, in fact, inhibitors. 

Catalytic polymerization can be brought 
about in the following different ways:— 
(a) by heating vinyl acetate to which a 
catalyst has been added; (b) the same 
procedure in the medium of solvents; 
(c) a similar process in the medium of 
diluents; (d) catalysis of vinyl acetate 
emulsions in water. ; 

Without going into details of the well- 
known characteristics of these variants, 
which have been expounded by Blaikie, 
Crozier, Skirrow,363 and other workers, it 
should be pointed out that the chief 
methods employed are polymerization in 
solvents, and for certain purposes poly- 
merization in emulsions.%#4 


A very extensive and fruitful work on 
polymerization of vinyl acetate in solvent 
media has recently been carried out by 
Ushakoff and his collaborators.36 As a 
result of these researches, the role of 
various factors which influence the course 
of the reaction, the properties of the 
ultimate product, the quantities and 
nature of solvent, catalytic substance, 
etc., have been _ established. ‘The 
influence upon the progress of the reaction 
of different admixtures. (particularly of 
sulphur, iron, acetaldehyde, and others), 
playing the role of anticatalysers, has also 
been ascertained. Admixtures contained 
in vinyl acetate exert enormous influence 
on the course of polymerization process. 
For example, in presence of a negligible 
amount of sulphur, the polymerization of 
vinyl acetate is completely stopped. The 
velocity of the reaction is also affected 
by the properties of the polymer and the 
nature of the solvent. The braking 
action of the solvent may be explained 
as due to the circumstance that the mole- 
cules of solvent are added through double 
bonds at the end of polymeric chain, or 
because of the energy loss by the acti- 
vated molecule incurred at the collision 
with the foreign molecule of solvent, 
prior to combining with another molecule 
of vinyl acetate, as suggested by Taylor 
and Vernon.%6 


Critical Résumé of Polyvinyl Acetate 
Products 

The polymers of vinyl acetate are 
colourless, transparent resinoid products, 
soluble in alcohol, acetone, benzene and 
toluol, but insoluble in paraffinic and 
naphthenic hydrocarbons. The specific 
gravity is of the order of 1.19. Polyvinyl 
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acetate has no sharp and well-defined 
melting point, and, on heating, gradually 
softens. On prolonged immersion in 
water, polyvinyl acetate absorbs it up 
to about 8 per cent. and becomes turbid, 
but on removal of moisture the crystal- 
clear transparency is_ restored. The 
refractive index is (d,,) 1.467. 


In addition to the complete absence of 
colour, polyvinyl acetate products are dis- 
tinguished by their absolute fastness to 
light, non-ageing properties and stability 
to the action of the sun and ultra-violet 
rays; in this respect polyvinyl acetates 
display a curious phenomenon of a 
delayed action of the photostriction with 
the subsequent filtering of a certain range 
of wavelengths: on the initial exposure 
to ultra-violet light, they transmit up to 
about 90 per cent. of the rays, but on a 
prolonged irradiation they become almost 
opaque to them, while remaining 
apparently perfectly transparent to ordin- 
ary light; thus, for instance, a thin film 
(0.4 mil. thick), transmitting 87 per 


a 


° 
cent. of wavelength 2,655A, after 48 
hours’ continued radiation transmitted 
only 0.2 per cent. 


Polyvinyl acetate products are also 
characterized by the possession of 
powerful adhesive properties (to glass, 
metals, wood, etc.) and _ exceptional 
ability for film-formation, giving colour- 
less, transparent, extremely strong and 
tough flexible coatings, highly resistant to 
abrasion and unaffected by most of 
organic solvents. 

Since polyvinyl acetate products are, 
essentially, super-cooled liquids of enor- 
mous viscosity, that is, of exceedingly 
great coefficient of internal friction, they 
are subject to cold flow, and, therefore, as 
such, are unsuitable for moulding, which, 
side by side with their low thermal 
stability and insufficient resistance to 
moisture, is a drawback restricting their 
utility in certain technical fields. 

The classification of industrial grades of 
the polyvinyl acetate is made on the basis 
of the average molecular weight charac- 
terized by the viscosity; the manufacture 
of these products has now reached a very 
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great proportion of the world’s total out- 
put of plastics, offering a large variety of 
qualitative types best suited for specific 
applications. 

The most extensive range of technical 
polyvinyl acetates has been developed 
since 1917 by Shawinigan Chemicals, 
Ltd., operating the plants at the Shawini- 
gan Falls, Quebec, in Canada. The 
assortment of polyvinyl acetate plastics, 
as evolved by the above-mentioned con- 
cern, is‘-known under the trade name of 
Gelvas, which are characterized by the 
associated number denoting the viscosity 
in centipoises of 86 grammes solution of a 
given Gelva in a litre of benzene at 20 
degrees C., as indicated in the accom- 
panying Table 1. 




















Table 1. 
Temperature of 
Viscosity Softening Average | Degree of 
of Gelva, (Kraemer and | Molecular | Polymeriza- 
Centipoises “— Weight tion 
oc, 
1.2 60 _ ia 
2.5 81 4,300 50 
6 102 11,700 136 
15 131 25,000 290 
30 161 ~ 
60 196 _ - 
The technical series marketed by 


Shawinigan Chemicals, Ltd., are Gelvas 
2.5, 6, 15 and 30. The Gelvas 15 and 30 
have a temporary tensile strength of the 
order of 500 kg./cm.? Products of still 
higher viscosity have also been produced, 
and in this connection it is of interest to 
note that the highest polymer of vinyl 
acetate obtained by Staudinger by irradia- 
tion in a nitrogen atmosphere had the 
average degree of polymerization 900 and 
a molecular weight of 77,000. 

The various series of Gelvas are 
designed for different spheres of applica- 
tion. Gelva 2.5 is chiefly utilized as a 
substituent in cellulose compositions with 
the object of producing water- and grease- 
proof paper, etc. Gelva 6 is employed in 
the production of spirit-soluble lacquers 
and enamels as well as primers for metals. 
Especially important is its application as 
a vehicle for aluminium and_ bronze 
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lacquers, which on account of inertness 
to these pigments, and durability under 
atmospheric changes, proved themselves 
extremely successful as coating media for 
outdoor steel structures, pipe lines, tanks, 
flexible automobile fabrics and the like. 
Gelva 15, owing to its compatibility in 
all proportions with nitro-cellulose and 
alkyds (which is also the property of 
other Gelva series), is widely used in the 
manufacture of nitro-lacquers; its addi- 
tion up to 25 per cent. to nitro-cellulose 
imparts to coatings a superior permanent 
gloss, improved adherence to metals and 
durability. This type of Gelva is also 
utilized in the production of artificial 
leather, as an_ electrical insulating 
material, in lacquers and varnishes, and 
as a mouldable surface layer on veneer, 
asbestos, cardboard, ceramics, etc. Gelva 
30 is applied for making similar products 
by means of moulding operations, and 
forms layers distinguished by great dura- 
bility and heat stability. Although the 
Gelvas, owing to the property of cold flow 
(inherent to all polyvinyl acetates), can- 
not be employed by themselves for 
moulding resins, yet, in conjunction with 
a suitable support, such, for example, as 
plywood or other rigid base, they yield 
excellent materials for surface embossing, 
with an adequate stability of form. By 
virtue of their powerful bonding property 
and consequent wide use as adhesives for 
joining substances so different as glass, 
metals, wood, plastics, textile fabrics, 
paper, films, etc., the Gelvas have proved 
to be of advantage in application to filling 
operations, meeting exceedingly well 
another of the most important require- 
ments of an organic coating, its distensi- 
bility ; this is particularly true for porous 
or fibrous materials, such as wood and the 
like, the base substances, owing to water 
sorption (and consequential expansion), 
demand a considerably larger minimum 
distensibility in the protective coatings 
than those applied to metals. In this 
Tespect a single coat of the Gelva effec- 
tively seals the surface of wood and can 
teliably serve as a dependable primer 
beneath lacquer or paint. The Gelvas 
also give great satisfaction in use as 
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protective varnishes for preservation of 
objects of arts, museum exhibits, and, 
on account of non-discolouring property, 
admirably suited as_ substitutes for 
Canada balsam in optical work, such as 
mounting lenses, of microscopic speci- 
mens and kindred applications. 

The properties of technical polyvinyl 
acetates produced by other concerns, as, 
for instance, Rodopasse in France, 
Mowilit in Germany, etc., are all very 
near to those of Gelvas; for example, the 
French Rodopasse was issued in four 
series corresponding, roughly, to the trade 
marks of Gelvas. 


Factors Controlling the Properties of 
Polyvinyl Acetate Resins 


Notwithstanding the large number of 
patent specifications relating to poly- 
merization of vinyl acetate in existence, 
they do not furnish a coherent account of 
the whole phenomenon. In order to check 
the existing information and correlate the 
fragmentary data, Ushakoff*® and his 
associates have recently subjected poly- 
merization to an intensive study at the 
Plastics Scientific Research Institute in 
Leningrad. 

In the work of Uskakoff and Fainstein 
there have been established the poly- 
merization methods for obtaining three 
types of polyvinyl acetate with the 
average molecular weight 3,500, 13,000 
and 25,000 (which approximately corre- 
sponds to the series 2.5, 6 and 15 of 
Gelvas).. However, in deriving these pro- 
ducts the investigators had to apply the 
different methods of polymerization, 
namely, in the diluent, in solvent, and 
pure vinyl acetate, with the addition of 
solvents at the end of operation. This 
circumstance has been dictated by the 
insufficient degree of purification of the 
vinyl acetate. The significance of high 
degree of purity of the vinyl acetate as 
an established fact, as well as an inade- 
quate qualitative characteristic of the 
influence of solvents, as_ given . in 
American works, have urged the 
Leningrad Plastics Research Institute to 
undertake a systematic study with the 
object of finding the influence of purity 
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of vinyl acetate upon the character of 
polymerization in solvents, and thus to 
establish the regimes of polymerizing in 
solvent medium, so as to afford the possi- 
bility of producing a polyvinyl acetate 
with predetermined properties. Parallel 
with the above problems, endeavours 
have been made in order to introduce the 
precision into the operating control of the 
process. 
Experimental Procedure 

For the purpose of the above investiga- 
tion the vinyl acetate has been prepared 
by means of interaction between acety- 
lene and acetic acid in the presence of 
zinc acetate as catalyser, with the subse- 
quent sorption of the reaction products 
by xylol. 

Prior to polymerization, the vinyl 
acetate has been subjected to rectification. 
The latter was carried out in the labora- 


Table 2 





Fraction 1 





Temperature, °C. | Up to72 | 72—73.5 | Over 73.5 


Quantity, per cent. 2.8 89.19 6.18 
Content of vinyl 
acetate per cent... 95.3 99.9 94.8 


Aldehyde content 
(calculated as acetal- 
dehyde), per cent... E i; 0.9 














tory column 120 cms. high, filled with the 
porcelain rings. The thermal insulation of 
the column was effected by the provision 
of double walls, the air from interspace 


being evacuated. The column has been 
fitted with the dephlegmator 30 cms. high, 
irrigated by water. 

To prevent polymerization of vinyl 
- acetate during distillation, 0.1 per cent. 
hydroquinone was added. The results of 
one of the distilling operations are given 
in Table 2. The vinyl acetate taken for 
fractionation contained 96.35 per cent. of 
ether, 0.03 per cent. of acetic acid, 
and 0.38 per cent. of aldehyde (calculated 
as acetaldehyde). 

The second fraction has been subjected 
to polymerization by heating the vinyl 
acetate in presence of 0.1 per cent. of 
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benzoyl peroxide for two hours at from 
70 degrees to 75 degrees C. without addi- 
tion of solvent. The resulting viscosity 
was 99.9 centipoises. The viscosity of 
polymer obtained by polymerizing vinyl 
acetate prior to rectification, under the 
same conditions, was 12.2 centipoises. 

Thus, it has been found that a single 
fractionating operation was sufficient for 
obtaining vinyl acetate of high purity, 
which, on polymerizing, yielded a high- 
viscosity product. | Under identical con- 
ditions, the two other fractions were also 
subjected to polymerization. The poly- 
mer derived from polymerizing the 
first of these fractions had a viscosity of 
15 centipoises. The third fraction, after 
heating for 10 hours, remained in 
appearance completely unchanged, from 
which it was possible to conclude that the 
inhibiting factor of polymerization of 
vinyl acetate is not only acetaldehyde 
but in still greater measure substances 
concentrated in the third fraction. The 
tail fraction, collected from several dis- 
tilling operations, was fractionated and 
the product distilled between 72 degrees 
and 104 degrees C. The largest fraction 
was that boiling between 92 degrees and 
94 degrees C. The addition of this frac- 
tion in proportion of 1 per cent. to vinyl 
acetate with an ether content of 99.9 per 
cent. resulted in the product of poly- 
merization remaining as a highly mobile 
liquid. The introduction of larger quan- 
tities led to complete arrest of the reaction 
of polymerization. 

Whether the substances contained in 
the aforesaid fractions are by-products of 
the reaction of vinyl acetate formation or 
foreign admixtures (in particular, from 
xylol) has not yet been established. 

During polymerization in solvent, the 
vinyl acetate and the solvent were intro- 
duced simultaneously. Benzoyl peroxide 
was usually employed in the proportion 
of 0.1 per cent. The temperature of the 
reaction mass was maintained at from 
74 degrees to 77 degrees C. The reaction 
has been conducted with mechanical 
stirring for five hours. The results of 
experiments on polymerizing vinyl 
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FROM FINE FINISHES 


The well-known CELLON range of products has been 
built up largely by the rapidity with which the CELLON 
technicians appreciate the importance of new innovations 


and new industries. 


The rapid increase in the use of Plastics presents 
intricate but surmountable problems and, in fact, CELLON 
Finishes and Thermo-Plastic Adhesives have already 


been devised for many -special purposes. 


CONSULT CELLON on all problems of finishing or 
jointing materials, and let them give you the benefit of 
their experience in this and other fields. The address is 


Cellon Ltd., Kingston-on-Thames, Surrey. ‘Phone Kingston 1234 


TO FINE ADHESIVES 
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CERRIC CERRUX 
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Wagon or 


warehouse 
? 


‘OO many users of transport still treat the 
nation’s wagons as warehouses instead of 
putting them back into traffic. How shocked ' 
they would be if they were accused of 
obstructing the war effort. 
*One wagon out of tens of thousands !” 
** Tt was only three days at our sidings.” 
But in total, hundreds of wagons stand idle 
for thousands of days—a huge loss to our 
vital transport system in its colossal war 











\ es x a 
tasks. Will you take steps now to see if you ki Bi 


a ay | LC aitrod 
are an unwitting “ offender” ? | You know your own problems 
best. Tackle them in your own 


| 
way. But tackle them 
UICKER TURNROUND =, 
ideas, improvise if needs 


be. Here’s a starting-off agenda: 


1. CLEAR LABELS AND DOCUMENTS. 
THAN EVER BEFORE — > cur sine oences 
3. WORK IN BLACK-OUT AND AT 
WEEK-ENDS 
4. OPINIONS OF “MEN WHO DO 
THE 


issued by the Ministry of War Transport WORK". 
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Table 3. 

Ethyl acetate to 100 parts Viscosity, 
by weight of vinyl acetate centipoises 

5 58.2 

5 51.9 

10 42.9 

20 35.2 

20 37.2 

30 23.2 

30 24.5 

40 19.0 

40 19.2 

50 13.7 

50 12.6 

70 10.1 

100 7.9 








acetate in presence of ethyl acetate are 
summarized in Table 3. 

The data of Table 3 confirm the 
dependence of the viscosity of the 
polymer upon the ratio of the vinyl 
acetate to ethyl acetate used in polymeri- 
zation. To check up the effectiveness of 
the established method for fractionation, 
vinyl acetate, which failed to give a 
normal polymer under the previous con- 





Amount of ethyl acetate 
to 100 parts by weight 
of vinyl acetate 


Viscosity, centipoises 





40 16.5 
30 21.7 
30 20.8 











Table 4. 
Prior to After 
Congest as fractionation, | fractionation, 

per cent. per cent. 
Vinyl acetate ,, ss 95.2 98.0 
Acetic acid 0.05 — 
Aldehyde, calculated 

as acetaldehyde 0.3 0.07 











ditions of polymerization, has been 
tested. The analysis of such a sample of 
vinyl acetate, prior to and after rectifica- 
tion, are shown in Table 4. 

The second fraction was subjected to 
polymerization under conditions identical 
with the experiments referred to in 


Table 3. The results are given in Table 5. 

A somewhat reduced viscosity of the 
polymer in these experiments compared 
with the data of Table 3 is in conformity 
with the lowered content of vinyl acetate 
of the investigated fraction. This frac- 
tion has undergone repeated rectification, 
from which was chosen a fraction boiling 


Table 6. 





Amount of ethyl acetate 
to 100 parts by weight 
of vinyl acetate. 


Viscosity, centipoises 





20 37.9 
30 22.7 
40 20.4 
40 20.5 








between 72 degrees and 73.5 degrees C. 
Analysis of this fraction showed that it 
contained 99.6 per cent. of vinyl acetate 
and 0.08 per cent. of aldehyde (calculated 
as acetaldehyde). The experimental 
results of polymerizing the vinyl acetate 
after the second fractionation are indi- 
cated in Table 6. 

The resultant values are in full accord 
with the figures of Table 4. 

On the basis of the foregoing data it 
is legitimate to deduce that the standardi- 
zation of vinyl acetate to a degree 








Table 7. 
Quantity of Value of conversion, per cent. 
= acetate venaiee 
by be ope Hour | Hours | Hours | Hours | Hours | Hours | Hours | Hours | Hours | Hours centipoises 
vinyl acetate ' 1.5 2 2.5 3 3.5 4 5 10 13 





30 71 
20 ~ _ ae _ 
























89.7 
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required to ensure the normal course of 
polymerization is easily attained by 
rectification. 

In order to determine the charac- 
teristics of the progress of the polymeri- 
zation reaction, resort has been made to 
the estimation of the degree of conversion 
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at the end of the.process. For this 
purpose at regular time intervals, as indi- 
cated in Table 7, samples of the reaction 
product were taken and the determina- 
ations were made of the content of 
monomer in them. The experimental 
results are presented in Table 7. 








BRITISH PATENT ABSTRACTS 


559,120. Improvements in or Relat- 
Application: ing to Extrusion Machines. 

27.7.42. Cellomold, Ltd. and D. N. 
Davies. 

In order to control the temperature 
gradient in an extrusion apparatus for use 
with thermosetting or thermoplastic 
materials, a press table, mounted on the 
frame of the apparatus, is employed and 
has one or more apertures designed to 
receive a die or dies. The press table thus 
forms a die chase and is cast in two or 
more transverse sections which are bolted 
together with a heat insulating layer 
between them. 


559,206. Condensation of Aldehydes 
Application: with Ketones. Henry 

10.6.43. Dreyfus and J.G.N. Drewitt. 

A process for the production of Keto 
alcohols comprising the condensation of an 
aliphatic aldehyde with an aliphatic Ketone, 
in alkaline medium, in the molecular pro- 
portions of 1:7 and an amount of water at 
least equal to the weight of aldehyde. 


559,225. Buoyant Material. W. H. 
Application: Moss. 

7.8.42. Fibrous sheet materials are 
coated with an artificial organic water- 


resisting polymer to render them stiff and 
impervious to water and the sheets are then 
enclosed in a watertight container full of air. 


559,329. Method of Treating Fibres, 
Application: Yarns or Fabrics of Glass. 

8.5.42. Bleachers Association, Ltd., 
F. L. Barrett and C. E. H. Charlton. 

Coloured fibres, yarns or fabrics of glass 
are produced by depositing on the individual 
fibres a thin layer of resinous or cellulosic 
material, not containing added colouring 
matter, but capable of being dyed. 


559,452. Resinous Co-polymers. 
Application: American Cyanamide Co. 

3.5.42. A method of preparing 
resinous polymeric materials by heating a 
mixture of para-isopropenyl toluene and 
acrylonitrile, the polymerization being 
carried out with the mixture in the form of 
an aqueous emulsion or dispersion with 
polyvinyl alcohol or methyl cellulose as a 
dispersing agent. 


559,590. Improvements Relating to 
Application: Synthetic Resin Adhesives. 

22.6.42. Jicwood, Ltd. and R. L. J. 
Farina. 


A process for the cold hardening of a 
synthetic resin, in which resorcinol and 
formaldehyde are condensed in the presence 
of a catalyst having a PH value of 4-5.15, 
the product so obtained being mixed with 
a basic hydroxide in sufficient quantity to 
raise the pH of the mixture to at least 6.5 
when setting at room temperature will 
occur. 


WATER POWER IN SCOTLAND 


At a recent meeting of the Association of 
Scientific Workers in Scotland the effect of 
the introduction of the new hydroelectric 
schemes on the Scottish people was 
discussed by Mr. G. Muir. The possibilities 
were great, for not only would cheap power 
be available, but the large deposits of 
dolomite (magnesium carbonate) in the 
Durness area and limestone in the Fort 
William area pointed to the growth of 
magnesium production, synthetic rubber 
and plastics in general. 

Over 100 sources for hydroelectric pro- 
duction had been surveyed and it is 
estimated that an annual output of more 
than 6,000 million units can be produced. 
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AVE you a problem in which 
the uniform feeding of material 

would be an advantage? 

ThePatent Gardner Diaphragmic 
Feeder has been redesigned to 
reduce irregularities in the feeding 
of material to a minimum. 

The material is fed in bulk in 
a ‘*U’’ shaped Hopper in which a 
slowly revolving agitator keeps the 
material in a free-running state. 

A control slide allows the 
material to enter the feeding 
chamber only as required to keep 
it full, and suitable agitators are 
fitted to prevent packing. 

The material finally passes 
through the diaphragm, a principle 
of feeding long established by 
Gardners in many industries and 
originally patented by them many 
years ago. 

Micrometer control of the size 
of opening has been introduced 
to ensure greater accuracy of 
discharge. 

Many hours’ supply of material 
can be fed in the Hopper at 
one charge. 

Machine is equally successful for 
adding small or large quantities 
to bulk. 
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WM. GARDNER & SONS (Gloucester) Lid., Bristol Rd., Gloucester 


Telegrams: ‘‘ Gardner, Gloucester.’’ 


Telephone: Gloucester 2288 (3 lines). 


LONDON : 19, Gray’s Inn Chambers, 20, High Holborn, W.C.1. 


Telephone: Chancery 








7347 


xxvii 






TRADE MARK 


Specialists in all types of 
improved woods, and in 
the design of all kinds 
of structures embodying 
improved wood materials. 


JICWOOD 


AND 


JIXONITE 


JiCWOOD LTD., WEYBRIDGE, SURREY 
Telephone: Weybridge 3376. Telegrams: Jicwood, Weybridge 
LONDON: Grosvenor Gardens House, Westminster, §.W.1 
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Glectrical JSnsulation 


TENAPLAS LTD., 7 PARK LANE, LONDON, W.| 








COURPADLDS 












Foleshill Road, Cove Tel.: Coventry 88779 
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214/222, Cardigan Road, LEEDS, 
Telephone: LEEDS 52033 


Member of the Gauge and Toolmakers’ Association. 











SON 


FOR BAKELITE 


Acetate and other Synthetic 
Mouldings. Modern Plant 
and Facilities 


APPLIANCE Ce [7° 
WOOLFOLD, BURY, LANG. 


Telephone: Bury 1560-1 Telegrams :“Bysonite, Bury. 
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LAMINATED 
SYNTHETIC 


RESIN 
IMPREGNATED 


Tensile Strength 
24,000 Ibs. 













































































7 per square inch. 

NI THE NEW INSULATION CO. LTD. 
a GLOUCESTER ENGLAND 
W.! 





For Filing Cabinets 
and Desk Drawers. 


ond to tile 
one second to lind 


Shannoblic folders hang on a frame and never 
slip or hide. Large, adjustable, angled celluloid 
tabs give index flexibility and lightning identifi- 
cation. Shannoblic fits your filing cabinet and 
deep desk drawers. 

Or the Shannoblic Desk Top Unit, with 20 
Suspension folders, is ideal for emergency desk 
tables. - 43/4 quarto, 51/1 foolscap, including 
Purchase Tax. Post Free Gt. Britain only. 

To comply with Paper Control Order 48 please 


send 1d. postage stamp for leaflet. 
Ss NANNON _ iWeeriat House (Dept.D.7), 
15-19, KINGSWAY, LONDON, W.C.2. 


And at Birmingham, Bristol, Liverpool, Manchester, New I Tyne, Glasgow (Agent) 








For 
emergency 
desk tables. 





























SOLID POLES 


to the specific re- 
quirements of our 
customers 











Makers of all types of 


metals 


M-C-L and REPETITION LTD. 
Poo! Lane - Langley - Birmingham 
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GEORGE COHEN, SONS & CO., LTD. 
‘ 3 & Machi Ne Teant taear 
Established 1834 


REQUIRE TO PURCHASE 
good Surplus PLANT & MACHINERY—either single 
items or Complete Works. Please inform our nearest 
Area Office :— 
GLASGOW: Cogan Street, Pollobshawes, 
CASTLE-ON-TYNE: 12, Grey Street; MANCH ESTER: 
Cobden Street, Pendleton; FFIELD: y tone 
Works, Tinsley; BIRMINGHAM: 191, Corporation 
Street ; BATH: Lower Bristol Road ; SWANSEA: Prince 
of Wales Dock; SOUTHAMPTON: Princes Street, 
Northam ; REDRUTH: 25, Albany — 

or Chief Offices and Depo 

Southern: WOOD LANE, LONDON, W. 12; Northern: 
STANNINGLEY, nr. LEEDS. 











Jove au K s]ouey 
CO.LTO 


B 


NORTHUMBERLAND ST 
NEWCASTLE 
UPON TYNE. 














———-———— SITUATIONS VACANT 


MISCELLANEOUS —-——-——-—--— 





PLASTICS. Manager wanted to take complete control of 
factory. Must have good technical knowledge of plastics and 
costings. Good organiser. Excellent prospects. Write, giving 
full particulars of experience and salary required, to Box No. 
2657, c/o ** PLASTIC: 83/3 


PLASTICS EXPERTS required, to write lessons or text books 
on all branches of Plastics. Confidential spare time work at 
home. High rate of pay offered. Particulars of subjects, etc., 
to Box No. 2656, c/o ‘‘ PLASTICS.” 84/2876 
REQUIRED IMMEDIATELY for Plastics Research and Develop- 
ment by Research Establishment (scheduled under Essential 
Works Order) in S.W. Greater London area a capable energetic 
man, age 20/35, with good knowledge of manipulation, moulding 
and testing of thermoplastic materials. Write, stating age, ex- 
perience and salary expected, to Box No. 2436, c/o “PLASTICS.” 

83/2788 





-—-——— SITUATIONS WANTED —-————-- 


REQUIRED, position as Manager, or in charge of a Plastics 
works, Good technician, capable, practical and theoretical 
worker, Box No. 2040, clo “ PLASTICS.”" 83/x4929 
YOUNG MAN, 26, discharged Forces, 3 years’ Publishing ex- 
perience, knowledge printing. Particularly interested building 








¢onstruction, interior decoration. Box No, 2659, c/o 
“ PLASTICS.” 83/1 
—_- WANTED ec 
MOULDS. Interested in electric fittings, mill reels and bobbins 

or utility household articles. Box No. 2665, c/o ‘‘ PLASTIC: 
85/2879 

P.V.C. SCRAP | wanted. Highest prices paid. Box No. 2664, 

c/o ** PLASTIC 83/7 


WANTED, cites of “Technology of Plastics,”” by H. W. 
Rowell, or any other similar books. Particulars to Birkbys 
Limited, Liversedge, Yorkshire. 83/2564 
WANTED, KALLODENT or similar Injection Moulding Machine. 
Particulars to G. LONG, 7, Orchard Gardens, Exeter, 84/x5298 
15 TO 50 TONS UPSTOKING Gate yg PRESSES. Full 
particulars, Box No, 2606, c/o ‘‘ PLAS’ 3/x6539 


———————-_ MISCELLANEOUS ——-————— 


ACETATE AND NITRATE OFF-CUTS and scrap sheets, also 
flakes, available for work of National Importance. LLOYDS, 
72, Bridge Street, Christchurch. zzz/65 





ACETATE SCRAP, scientifically cleaned and sorted, available 
for important industrial use. MOROL LTD., 21, Woodthorpe 
Road, Ashford, Middlesex. 83/5 
ADVERTISER wishes to contact firm capable of making simple 
small parts in plastic materials. Work of National importance. 
Box No. 2663, c/o “‘ PLASTICS.” 83/6 
ADVERTISER would like to contact firm or gentleman who 
would undertake the manufacture of pulp ware, nursery and 
utility goods, mainly from ee Also other lines in Fyexsr 8. 
A sound proposition. BM/SMK 634 
A GROUP of manufacturers of pre-fabricated timber aes 
wish to contact interests in synthetic resins with a view to 
joint developments in post-war housing. Box No, 2658, c/o 
‘* PLASTICS,” 83/2 
ART PATTERN & KNIFE CO., Bedford Street, Leicester. 
Express delivery of Press Punches, Knives, Cutters, and Hand 
Punches, of every type. Also light Engineering. 86/2670 
CONSULT KAY’S upon plastic adhesive problems, Our research 
laboratories can help you. AY BROTHERS LTD., Kay- 
borough, Reddish, Stockport. 86/2875 
DOHM LTD. can reduce thermoplastics to finest powders. We 
are pioneers in thjs work and our experimental station is at your 
service, 167, Victoria Street, 8.W.1. 87/2066 
ENGINEER, with exclusive designs electrical fittings in bulk 
demand post-war housing, wishes to meet owner Bakelite 
moulding plant, view to manufacture. Box No. 2535, c/o 
: 3s.”” 83/x6327 
FACTORY TIME RECORDERS. Service rental, Phone, 
Vigilant 4731. TIME RECORDER, SUPPLY & MAIN- 
TENANCE CO., 28, Mayfield Rd., Sutton, Surrey. 222/41 
MACHINING, Drilling, Recessing, Shaping and Turning under- 
taken by Government Contractors, fully conversant with re- 
quirements “3 oom Departments. Apply Box No, 2042, 








c/o “PLASTIC 83/2563 
MONOMARE ae Permanent London address, Letters 
redirected, 5/- p.a. Write BM/MONO76, W.C.1. 86/2671 


MOULDING FIRM have two 70-ton hydraulic presses becoming 
available for priority work. Applications in confidence to 
Box No. 2034, c/o ** PLASTICS.’ 85/2878 
REEVES INDUSTRIES LIMITED, Rowe Lane, Urswick Road, 
London, E.9. ’Phone: Amherst 3133. Piastic eee 
86/2673 
SCRAP are. for sale. Various colours. Box No, 2655, c/o 
“*PLAST +i 83/4 
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J Tullis Rasssell + Co Ltd. 


MAKERS OF 
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Pares for the bombers that are cracking-up Germany. 
Buttons for the pants of the men who make them and the men who fly 
them. Buttons and bombers—we know quite a lot about both. It's our 
job to, for we ‘know about plastics’ and make a range of first-rate 
plastics and piastic materials that are well to the fore in war-time 
production. : 


What have we up our capacious sleeve for after the war? .. . Plastic 
materials for buttons (in an amazing variety of colours), plastic materials 
for an amazing variety of products and a comprehensive knowledge 
‘of plastics applications at the service of ail who care to drop us a line 
at Stroud or at our London Office. If you have a problem involving the 
use of plastics we can help you to solve it. 


Enno 


mah.” 


Prastics ~e 


ERINOID LIMITED, LIGHTPILL MILLS, STROUD, GLOS. 
Til. 














